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Abstract. The article presents the details of modeling of heat exchange
and mass transfer in a room in the formation of a microclimate. The
mathematical model is implemented in the program ANSYS Fluent and is
used to predict the climate parameters after the implementation of energy
saving measures in the building. Verification of the mathematical model by
comparing the experimental data with the results of the measurement of
microclimate parameters of the experiment.

1 Introduction

In [1, 2, 3] shows that in the assessment of the effectiveness of energy-saving measures for
non-production buildings (residential, public and administrative), an important task is to
predict climate parameters that determine the comfort of the premises after the
implementation of energy saving measures. Currently, scientists are actively used by a
number of software and computer systems, allowing defining the parameters of the
environment in the room after making changes to the technical characteristics of the
building or changing the operating mode of the power equipment. The most common
software and computing systems in the field of modeling of heat and mass transfer
processes in the formation of microclimate buildings include Ansys Fluent, STAR-CD,
FlowVision, GasDynamicsTool (GDT), SimuLink.

In order to modeling of convective and radiative heat transfer in the formation of room
climate using a distributed model (fully or partially) and lumped parameters. Models with
distributed parameters include the continuity equation, motion, heat balance, the balance of
impurities in the form of differential partial recorded for air as a viscous compressible fluid
[4, 5].

2 Mathematical model

In the Ivanovo Power Engineering University (ISPU), has developed a mathematical model
that describes the movement processes, heat and mass transfer on the assumption that the
air in the rooms for a stay of people is a three-component mixture of gases (air directly,
carbon dioxide and water vapor). In this case, the mathematical modeling of the formation
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of a microclimate is based on the continuity equation for a mixture of gases, transfer of
momentum equation and the equation of conservation of energy [6, 7, 8].

In the equations of the mathematical model, the following assumptions:

1) in the equation of energy conservation compressibility accounted only the main
component of the mixture - the air, since the concentration of carbon dioxide and water
vapor in the gas mixture are small;

2) in the gas mixture is not diathermancy indoor environment;

3) the air flow is carried out uniformly over the entire surface of the air-permeable
element enclosing structure room.

The mathematical model of indoor climate averaged parameters used gas mixture, in
particular:

- the density of the gas mixture, kg/m’:

Pu =YPs*+Yco,Pco, TYr,0PH,05 (1)
- dynamic viscosity mixture, Pa-s:
W =Y By Y co,Meo, T Y m0Mm,0- 2

where y; — bulk concentration of the i-th component of the mixture, m*/m’; p; — density of i-
th component of the mixture, kg/m®; p; — viscosity component of the mixture, Pa-s. Indexes
f, CO,, H,0, respectively designated air, carbon dioxide and water vapor.

The mathematical model is different, first of all, to use when setting the boundary
conditions of actual air space, which is determined experimentally [9]. Secondly research
shows [12], the presence of heated or cooled surfaces in the room can have a significant
impact on the human feeling of comfort, in accordance with this radiation heat transfer is
taken into account by introducing a special source term in the energy equation [4, 5].

For a description turbulent properties of the gas mixture used k-¢ turbulence model [10,
11].

In [2] as an additional factor has been proposed level of climate comfort, which includes
a coefficient comfort human thermal state (CCH), which was determined by solving the
heat of human balance, as well as amendments to the radiative cooling, the asymmetry of
the heat flow and air quality medium (the presence of impurities) in the room. Check the
adequacy of the developed mathematical model is executed by comparing the CCH values
obtained from the experimental results and the implementation of a mathematical model in
the environment of ANSYS Fluent. To do this in the classroom ISPU an experiment was
conducted on the Measurement of microclimate parameters (temperature, relative humidity,
air mobility), as well as the temperature of the enclosing surfaces and air spaces.

Further based on the results of the experiment coefficient of thermal comfort the human
condition was calculated. And then in the software and computer system created a
geometric model of experimental facilities and to implement the proposed mathematical
model of heat transfer in this area. According to the simulation results of the determined
value of the coefficient of thermal comfort the human condition. In the experiment, and the
mathematical modeling of controlled and the average air temperature in the room.

3 Results and discussion

As a result of experimental and theoretical study of the microclimate in the educational
university auditorium was obtained value of the coefficient of thermal comfort condition of
the person according to the experiment - 0.412, and the results of the simulation - 0,329.
The average air temperature in the test room according to the experiment was equal to -
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26.2 °C, and in the simulation results - 24.45 °C. Comparison of experimental results and
mathematical modeling indicates the adequacy of the developed mathematical models of
indoor climate in terms of determining the coefficient of thermal comfort the human
condition.

4 Conclusions

1. Was developed a mathematical model of heat and mass transfer processes in the the
premises of human presence, which allows on the basis of information on the actual air
exchange, predict indoor climate parameters.

2. The adequacy of the proposed mathematical model was verified by comparing the
experimental and calculated values of human comfort factor of the thermal state and the
average air temperature in the room classroom.
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