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Summary. The principles of formation of energy-efficient systems of heating, ventilation and air
conditioning of residential buildings of medium height are considered. The analysis of basic requirements to
modern systems of climate control of premises is carried out, technical means of their organization and
management are defined. The model of control of parameters of heating, ventilation and air conditioning system
which includes the analysis of temperature, level of humidity and level of air pollution in a premise is offered. The
mathematical apparatus is developed and the basic scheme of cooling and heating of air in the building, which is
based on the ideal Carnot cycle, is constructed. The basic approaches of development and adaptation of the model

for solving actual problems are indicated.
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1. Introduction

The formation of energy-efficient heating,
ventilation and air conditioning systems of buildings,
which allow to maintain optimal conditions of
microclimate in the room, necessary for the stay of
people, placement of technological equipment and
storage of products is based on the classification of the
type of building and external climatic conditions. The
analysis of the literature sources devoted to this topic
showed that within the framework of the standard
methodology, heating, ventilation and air conditioning
systems can be divided into complexes intended for
residential premises [1-3], public buildings [4, 5],
industrial premises [6, 7] and medical institutions [8,
9].

To date, there is an increase in requirements for
maintaining climate control in the premises when
designing heating, ventilation and air conditioning
systems. First of all, this is a tightening of safety
standards, comfortable organization of work and rest,
storage conditions of food products, maintenance of the
so-called "clean room" and keeping animals. This is
partially offset by the growth of opportunities for the
organization of heating, ventilation and air
conditioning systems, both heating, air conditioning
and ventilation, and automatic control systems in the
"smart house" mode [10-12]. However, it should be
noted that the problem of optimization of heating,
ventilation and air conditioning from the point of view
of the need to build energy-efficient systems is a
complex and non-trivial task.

Also, important factors influencing the choice of
the optimal organization of the heating, ventilation and
air conditioning system are the height of the floor and
the total number of storeys of the building [13-15]. In
the case of heating systems, the highest energy
consumption, which can be calculated by determining
the specific consumption of thermal energy, it is
associated with the height of the floor of the building.
The number of storeys of the building is important in

establishing the ventilation system, which is based on
the construction of common sectional exhaust shafts —
this approach allows to reduce heat loss through the
ceiling of the upper floor, as well as to reduce the
resistance to heat transfer of the attic coating. It is
characteristic that in general, these factors have mutual
influence, which further complicates the task.
Accordingly, when building the basic model of heating,
ventilation and air conditioning, it becomes necessary
to choose typical options, leaving the possibility of
expanding the mathematical apparatus for a wider class
of problems.

Thus, in this work it is proposed to confine the
study to the construction of the methodological
framework that includes the development of principles
of formation of architecture and organization in
heating, ventilation and air conditioning systems of
energy-efficient residential mid-rise buildings, which
can be represented as the objective of the work.

2. Basic approaches to energy efficiency of the
heating, ventilation and air conditioning system

Assessment of energy efficiency of heating,
ventilation and air conditioning systems involves the
construction of the mathematical model and the
introduction of the following indicators:

o the acceptable temperature range of indoor air;

o the temperature of the air outside ;

e permissible air flow rate in the room ;

e the allowable humidity level for indoor air,
according to the air temperature;

o the level of indoor air pollution, which can be
expressed in terms of volume fraction, according to
typical chemical pollution agent s .

In addition, the temperature level in the premises
of the residential complex is correlated with climatic
conditions, a significant difference between the indoor
temperature and outdoor temperature does not meet
both medical standards and energy-efficient approach
to heating, ventilation and air conditioning. Thus, an
additional standard can be introduced for, which
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corresponds to the permissible temperature range of the
indoor air .
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Fig. 1. The basic model of control of heating, ventilation and air conditioning system parameters.

At the level of construction of the mathematical
apparatus, the definition of energy efficiency of
residential premises can base the concept of heat load
for the ideal process of heating and air conditioning. At
the same time, in the framework of this study, in order
to build a basic model, it is proposed to consider the
processes of air conditioning and heating of premises
with the possibility of further supplementing the
mathematical apparatus with algorithms for controlling
humidity and the presence of typical air pollution
agents.

3. Modeling of the heating, ventilation and air
conditioning system of the premise

The simplified mathematical model of the system
maintaining the set temperature mode in premises,
which are using the processing mechanisms of ambient
air at the level of the Carnot cycle, but does not take
into account the energy consumption during
transportation and distribution of the coolant and the
heat transfer area in the model is considered
unbounded, is based on analysis of heat sources
(appliances, building residents, etc.), their parameters
and the mutual arrangement (Fig. 2).
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Fig. 2. The basic scheme of cooling and heating of air in the premises.

Under the present scheme it is necessary to
introduce variables for temperature heat sources that
are present in the premises as a one-dimensional matrix
Calculating the difference of and allows selecting the
operating mode of the heating, ventilation and air
conditioning system in which the external environment
can be used to cool the heat source or the heat source
be taken into account when heating the premise. For the
temperature difference the air conditioning system is
activated, which can be described on the basis of the
Carnot engine model. Its description considers the
absorption of heat load for temperature through power
consumption .

Heat load absorption [15-17] is calculated through
the total heat dissipation from all sources according to
the temperature difference:

moreover, it should be noted that in this case the
Signum function should be defined as follows:

To calculate the power consumed by the heating,
ventilation and air conditioning system in relation to a

single heat source it is necessary to enter the efficiency
factor :

and total power consumption calculated for all
heat sources:

where

Calculation  of  energy-efficient  heating,
ventilation and air conditioning system can be based on
obtaining the maximum efficiency in the framework of
the developed mathematical model. At the
mathematical level this can be formulated as follows:

Substituting in equation (6) the value for the total
heat output from (1) and the total power consumption
from (4) , the following expression can be obtained:

The development of the model implies its
adaptation to solve a wide range of urgent problems.
Therefore, in the future it is proposed to carry out the
stages of the study presented in Fig. 3, with correlation
of modeling results [18].
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Fig. 3. Stages of development of the mathematical model of heating, ventilation and air conditioning.

This approach to the development and adaptation
of the proposed mathematical apparatus allows
developing a holistic methodology for the construction
of a mathematical model used in the calculation of
energy-efficient  heating, ventilation and air
conditioning systems.

4. Summary

In the course of the study, the principles of
formation of energy-efficient heating, ventilation and
air conditioning systems were considered and the
classification of requirements for these systems was
carried out. The model of control of parameters of
heating, ventilation and air conditioning system which
includes the analysis of temperature, level of humidity
and level of air pollution in a premise is offered. The
mathematical apparatus is developed and the basic
scheme of cooling and heating of air in the building,
which is based on the ideal Carnot cycle, is constructed.
It is shown that the calculation of energy-efficient
heating, ventilation and air conditioning system can be
based on obtaining the maximum efficiency, taking into
account the consideration of all heat sources located in

the premise. The basic approaches of development and
adaptation of the model for solving actual problems are
indicated.
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