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Abstract. In the heating of buildings during positive dynamics of weather
conditions a problem is encountered of air temperature rise in the rooms of
the building. Solution of the problem given the buildings are equipped with
heating system controllers is a practical task using update algorithms in the
operation of controllers. The proposed method offers an option of a heating
system control algorithm to attain stable temperatures in the rooms of the
building.

1 Introduction

Implementation of systems that automatically control heating systems offers possibilities to
perfect control algorithms aimed at enhancing comfort in the rooms of the building and
reducing operating expenses of consumed heat energy.

1.1 Comfort generating factors

1.1.1 Control with a heat carrier

Controllers control heat carrier consumption in accordance with outside air temperature by
a temperature schedule generated by project solutions [1] and coordinated by the
organization [2] supplying heat to the building. In this case the source signal for further
processing comes from an outside air sensor to the controller [3, 4, 5]. Then, when the
outside air parameter and the current heat carrier temperature on the supplying or returning
pipeline of the heating system do not coincide, the controller sends a signal (to open or to
close) to the flow controller electric drive until the heat carrier temperature is brought to
comply with temperature schedule programmed in the controller. This system is able to
maintain the heat carrier temperature with a sufficient accuracy, but is unable to respond to
overheats [6] occurring during positive dynamics of weather conditions.

1.1.2 Outdoor perturbing factors

The degree of impact of outdoor perturbing factors having an effect on the excessive
temperature in the rooms of the building during positive dynamics of changes in
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weather conditions is in a wide range [7]. Firstly, it depends on the perturbing factor
immediately:

- air temperature rise,

- solar activity rise,

- cessation of precipitation,

- cessation or reduction of wind speed.

Secondly, on the dynamics or nature of their changes [8].

It should also be borne in mind that in practice it is rare that only one factor has an
impact; in most cases there is a combined impact of two or more factors on the enclosing
structures of the heat supply facility [9]. In this case the difficulty of evaluating the impact
grows greatly, and the controller provided for controlling the heat consumption of the
heating system does not provide for processing outdoor information on the impact of
outdoor perturbing factors and the generation of the control signal due to it being
technically impossible [3, 4, 5].

1.1.3 Indoor perturbing factors

The influence of indoor factors on the excessive indoor air temperature in terms of possible
occurrence and amount of heat gain during the detailed familiarization with the operating
conditions:

- presence/absence of people for administrative buildings [10],

- night sleep/waking of people in residential buildings [11],

- intensity of labor for manufacturing enterprises [12].

Or the heat gain characteristics due to purposes for which the buildings are designed:

- Refrigerating equipment of food stores [13],

- Heat treating furnaces used in production of industrial goods or food products [14],

- Leisure and sports centers with open water.

The determination of the heat gain, provided there is operating documentation for the
equipment or technique utilized, is possible with a sufficient accuracy and implies the
registration only of generation of the heat consumption balance with the assurance of the
required indoor air temperatures in the rooms of the building [15].

2 Feed-forward control method

The offered method of controlling the heat consumption of the heating system is a control
algorithm the main stages of implementation of which are:

- Generation of an individual control schedule upon various weather conditions,

- Determination of the characteristics of the building’s heat storage [16],

- Parameter updating during feed-forward control of the building’s heating system.

2.1 Generation of an individual schedule

2.1.1 Initial parameters

The control parameters of a building’s heating system are determined on the base of the
formula:

0, = Jm 1
1000'(111 _tlz)

Where O, — is the heat load on the heating system, Gkal/h, G, — is the consumption of

the heat carrier in the heating system, tons/h, ¢, — is Temperature of the supplying heat
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carrier to the heating system, °C, ¢#,, — is Temperature of the return heat carrier from the
heating system, °C.

When preparing the system for operation, it is necessary to implement control of
consumptions through hydraulic circuits [17]. Upon completion of adjustment works in
accordance with the project requirements the consumption in the system remains constant.
Thus, the compensation of heat losses is affected by the temperatures of the circulating heat
carrier.

2.1.2 Algorithm of generating the individual schedule of a building’s heating system

After the adjustment the optimal result is the minimum difference between the temperatures
of return pipelines in accordance with the purpose of the circuits. Fig. 1. presents the
algorithm capable of generating the optimal temperature schedule of regulation of the
parameters of the heat carrier under various weather conditions — factors of the outdoor
perturbance of the building’s heat losses. In the archiving process the arrays of parameters
are created corresponding to the full spectrum of combined impact of outdoor factors on the
temperature conditions of the building. As a building is a complex facility affected by
indoor and outdoor perturbing factors, the controlling signal may be adjusted (if differences
occur when comparing to similar parameters) as implemented in block 4 and based on the
analysis of the air temperatures in the rooms.
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Fig. 1. Algorithm of generating the individual parameters of the building’s heating.
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2.2 Determination of parameters of a building’s heat storage

To implement the feed-forward control method by a heating system, the essential criterion
for its implementation is the determination of the parameters of the building’s heat storage.

2.2.1 Prerequisites and conditions of determination of a building’s heat storage

When developing the project documentation for a building an important section is
determination of the composition and quantity of the material of the enclosing structures of
the building. In the result of calculations for compliance with the current energy efficiency
standards one can determine the building’s design heat storage capacity. In the process of
construction and operation of the building the thermotechnical parameters may worsen
from the controlled norms, namely:

- Non-compliance with the technology during construction of the building,

- Natural deterioration of the characteristics, utilized materials in the operation of the
building,

- Enhancement of the requirements to the building’s energy efficiency.

Thus, it is necessary to periodically compare the building’s heat characteristics with a
view to their retention or possible improvement.

When determining the parameters of a building’s heat storage, it is necessary to meet
the conditions conducive to the determination of the most accurate values. Such conditions
include the stability of indoor and outdoor perturbing factors [18]. The practical assurance
of these conditions in the process of operation is difficult and takes a lengthy period.

2.2.2 Algorithm of determining a building’s heat storage

The practical determination of the heat storage parameters should be carried out only after
generation of the temperature schedule in the maximum possible range of weather
conditions. The maximum number of separate or combined factors of outdoor perturbance
will be conducive to the accurate values when generating the parameters of the building’s
heat storage.
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Fig. 2. Algorithm of generating the parameters of the building’s heat storage.

4



MATEC Web of Conferences 226, 04014 (2018) https://doi.org/10.1051/matecconf/201822604014
DTS-2018

To make it possible to use the heat storage in feed-forward control, one of the main
parameters is the time of change in the indoor air temperature for a period [19]:

dZ:I;-s-p-c dt, )
'qo -V tg _tH _ Qum
Dom "V

where dz — is heat load on the heating system, Fspec =pis the ratio of the building’s
2-q,V

heat storage, h, dt, of temperatures of the return heat carrier from the heating system, 7, of
temperatures of the return heat carrier from the heating system, 7, of temperatures of the
return heat carrier from the heating system, Q ~ of temperatures of the return heat carrier
from the heating system, ¢ of temperatures of the return heat carrier from the heating

system, V' of temperatures of the return heat carrier from the heating system.

As a result of development of the history of parameters registering the change in the
indoor air temperatures in the rooms of the building depending on the variety of weather
conditions an opportunity appears to change the control system.

2.3 Feed-forward control of heat consumption for the heating system by
forecast weather conditions

After having determined the properties characterizing the ability of the building to retain
heat energy, an opportunity appears to use them in practical control when operating the
facility in the heating season.

2.3.1 Opportunities when using the building’s heat storage.

The use of the heat storage properties of the building is applicable to a situation conducive
to the reduction of the heat losses of the building. Conditionally, they can be divided into
three groups:

- A daytime temperature rise. Especially characteristic in a transitional (spring, fall)
period of the heating season with a noticeable impact of the solar radiation [20],

- An anticyclone period with an outdoor air temperature rise prolonged in time and
considerable in amount,

- Positive dynamics in a change in wind force or cessation of atmospheric precipitation.
It is also necessary to note that an important criterion of using feed-forward in control is the
analysis of forecast and credibility of a short-term forecast [21].

2.3.2 Feed-forward control algorithm with the use of the properties of the building’s
heat storage determined under practical conditions

After determining the thermotechnical properties of the building’s behavior under various
weather conditions one can go to the feed-forward control algorithm based on the weather
forecast data.
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Fig. 3. Feed-forward control algorithm by forecast of weather conditions.

The algorithm presented in Fig. 3 is a cyclicity in the generation of the indoor air
temperature until the preset range of temperatures in the building is attained. The end result
of using the weather forecast in the control of the heating system must be the stability of the
air temperature in the rooms of the building during the positive dynamics of changes in
weather conditions.

3 Conclusion

The practical implementation of the feed-forward control algorithm is referred to adaptive
problems enhancing comfort in the rooms and the economic benefit of using a heat carrier
in heating of buildings. The end result of using the weather forecast in the control of a
heating system should be the stability of air temperature in the rooms of the building during
the positive dynamics of changes in weather conditions.
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