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Abstract

Given the prerequisites for energy-efficient construction, which includes the
construction of buildings with comfortable conditions provided by as low power
inputs as possible, and the construction of zero-energy consumption buildings in
accordance with Furopean directives, which is achieved by enhancing the energy
efficiency of buildings and the use of energy-efficient appliances and technologies
therein, which includes measures of thermal protection of a building to provide
thermal comfort in a building space. i.e. create a temperature-humidity regime
that is as pleasant for the people staying in the building space, as well as being
necessary for the ongoing technological process running therein.

Based on the study and analysis of the literature presented in the paper, physical
models of thermal protection of the enclosing structures of buildings during the
impact of a flux superimposed thereon have been developed. Both forced and
gravitational (thermal) fluxes are discussed.

In the first chapter of the doctoral dissertation, we have analyzed the thermal-
technical characteristics of existing buildings as well as those being under
construction (walls, windows, roofs, etc.) throughout Georgia, namely heat
transfer and thermal resistance coefficients. We have compared the values of the
actual thermal resistance with the required thermal resistance values represented
in both Soviet and European construction standards being in force in Georgia.
Based on the comparison and analysis of these values, the inconsistency of the
actual thermal resistance with the normative values has been identified and we
presented the problems it causes, namely: due to the low value of thermal
resistance, it is not possible to maintain the normalized temperature difference
between the inner surface of the enclosure structure and the air of the building
space, thereby violating the sanitary-hygienic norms, also expected is releasing the
condensate in the construction mass (opaque enclosing constructions: walls, roofs)
and in the construction inner surface alike (glazed surfaces, stained glasses, walls).
This is illustrated by the temperature fields of multilayer walls for different cities
of Georgia and the areas of condensate release within the mass of the walls are
marked. Also, the internal surface temperatures of the glazed enclosure structure
at different outdoor air temperatures are sown as a table. The microclimate
parameters of a building space and their influence on the formation of thermal
regime, which affect the thermal comfort, such as: the building space air
temperature, relative humidity, velocity of air movement in the building space,
temperature of the surfaces located in the building space. The values
corresponding to their comfortability are given separately, as well as the ratio
between them in the form of tables, diagrams and graphs are shown. Considering
that one of the ways to solve the problem caused by the low value of thermal
resistance is to provide thermal protection of the enclosing structures using
superimposed thermal fluxes, types of fluxes are reviewed: according to the flux
outflow temperature, both isothermal and non-isothermal, laminar and turbulent



according to the mode of movement, ventilation fluxes of different geometric
shapes and configurations such as: flat, conical, fan-shaped, forced and
gravitationally. The expressions to calculate their basic parameters: axial velocity,
average velocity at intersection, excess temperature and etc. are given.

Due to the fact that our particular interest in this work was in the heat exchange of
the superimposed flux generated by Coanda effect with a flat surface, in our case
the heat exchange between the inner surface of the enclosing structure and the
superimposed thermal flux, the second chapter was devoted to the theoretical
study of this issue, in particular, physical models of specific tasks have been
developed, on the basis of which the equations of the boundary layer of the
convective flow with a flat surface, namely, the differential-integral equations of
Karman-Polgauzen energy and motion, were solved by taking into consideration
the corresponding boundary conditions and the objective laws of pre-known
velocity and temperature distributions. As a result of the solution, we obtained
expressions of the boundary layer thicknesses of the forced and gravitational fluxes
at both the initial and major sites. It has been obtained the Nusselt dimensionless
criterion values, and expressions for calculating the heat transfer rate between the
superimposed flux and the inner surface of the enclosing structure. We have
constructed and compared the temperature fields of a flat wall during the flux
action and in normal conditions. The third chapter is devoted to the analysis of the
results obtained in the second chapter, namely, based on the thermal balance, the
formula for calculating the thermal resistance during the action of the
superimposed flux and, respectively, heat transfer rate of its inverse value has been
derived. Three cases of thermal regime of the building space are considered when
the temperature of the inner surface of the enclosing structure is equal to, greater
than or less than the air temperature of the building space. The fourth chapter of
the paper presents an example of a project of systems for providing microclimate of
a specific house for the implementation of the obtained theoretical research results
in practice and elaboration of appropriate recommendations. As a result of the
observations, the results of the measurements are presented in the form of a table,
and, also, the real practical solutions of the thermal protection of the enclosing
structure on the example of the given house are described. At the end of the paper,
the engineering method of calculating the thermal protection of buildings in the
form of block diagrams is presented. Based on the block diagrams, a program in
EXEL has been developed that, after specifying the required parameters,
automatically calculates the thickness of the boundary layer, the Nusselt criterion
and the heat transfer rate for the calculation of the thermal protection of an
enclosing structure, thereby facilitating the practical application of the results
obtained within the framework of the doctoral topic.
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