ISSN 2226-3780 INDUSTRIAL AND TECHNOLOGY SYSTEMS:

REPORTS ON RESEARCH PROJECTS )

UDC 620.92(477)
DOI: 10.15587/2312-8372.2019.170289

INFLUENCE OF VENTILATED ENCLOSING
STRUCTURES ON THE REGULATION OF
HOUSE ENERGY SUPPLY

O6’ckmom docnioxcens € po3paxynok 3nauenis xo0y smin eHympiunvoi memnepamypu 6 00CI0NCYEANOMY
6younky 3 senmunvosanoto (BOK) ma nesenmunvosanoio 020pooicyiouumis KOHCMPYKUisMU, 6 SKOMY 34CMOCO-
8YBANOCSL 080CMYNEHe8e Pe2yli08aHHS YaCY eKcnayamauii meniogozo nynkmy. lposedeno KomMnieKcHull ananis
enepeoepexmuenocmi 6younxy, i 6 neputy uepzy, 02opoorcyrouux Koncmpyxyii. Ilokasano, wo ons dooamroeoi
eKOHOMIT Mennosol enepzii modce OYmu BUKOPUCTRANO Pe2yJI08AIHs UCHMPALLHO20 ONALEHHS. A MAKONIC MONCHU-
80 GUKOHYBAMU PE2YNI0BANHS 6 3ALEICHOCTI 610 KIIMAMUUNUX YMOG, MOOMO MeNL08A NOMYNCHICIb KOMAA 60
mennosozo nynkmy 6yde 3aneicamu 6i0 IMIHU MEMNEPAMYPU 306HIUHLO20 NOGIMPsL. Becmanosieno, wo euxopu-
CIAHIA 3ANPONOHOBANUX Y POBOMI HAYKOBO OOTPYHMOBANUX NPONO3UYTLL CYMMEBO NIOBUULYE MENLOBY THEPUTIO 020 -
POOHCYIOUUX KOHCMPYKYTU. 3a80AKU UbOMY NPU BUMKHEHHT CUCTEMU 0NAeH sl OYOUHOK NOBIILHO 0X0L00HCYEMBCS
i nazpisaemvcs 6i0HOCHO WEUOKO. TaKUM UUHOM, MONCIUBO OMPUMAMU 3A0UAONCEHHS, OCKIIbKIU KOHCMPYKMUBHI
enemenmu 6yodieni Haxonuuyoms menio. Bcmanosieno cymos onmumaibiozo pezyiosanis memMnepamypu, aKa
NONSA2AE 6 MOMY, WO KOHMPOLIOSAMU NO0aUYy Meniosoi enepzii 6 npumiuenis 6 maxuii cnocio, w6 éionogiona
BHYMPIWHS MeMnepamypa nogimps 6yia 0ocsznyma npomszom neenozo uacy. Buseieno, wo ois docsenenns
sucokoi enepzemuunoi epexmusrocmi 6yoieni, kpim ii mepmomodepnizauii, Heoodxiono niompumyeamu 6ionosioni
KAIMAMUYHL YyMOoBU 8Cepeduiti OnamosaibHux npumimens. Bemanosieno paxmopu, ki 6nau6aoms na MOJICIUBICNG
pezyosamu memnepamypy 6 cepeouni nPUMItens 6 3alelcHoCmi 610 3MIHU MeMNePamypu 306HIUNHLOZ0 NOGIMPS.
Busnaueno xoegivienm mennoeoi axymyaauii 6yoieni 3 suxopucmannam BOK, axuil xapaxmepusye soammicmo
3a2a1o101 Koncmpykuyii 6yoieni aKyMymoeamu menio i 3MeHUY6amu KOIUSANHL MeMNePAMYPU 6 ONALI0EAHUX
npumiwennsx. B xodi docaioicenis pospobieno memoouxy 0is Onamio8arvHux NPUMILLEeHy, KA 0036086 GUSHAUUMU
nOCAI008HY 3MilY MeMNePamypu NOGIMPs 6 NPUMIUEHHAX. 3a 00NOMO2010 POPOOIEHUX Y POGOMI MAMEMAMUUHUX

Lymarenko 0.

Modenetl MOHCHA NPOZHO3YEAMU MA ONMUMIZYEAMU MENIOB NPOUECU 8 JOCIIONYBAHUX 00 EKMaAX.
Kmouosi cnosa: meniosa inepyiiinicmv 020p00NCYIOUUX KOHCMPYKUILL, 6eHMUIb08ai (acadu, menioobmin

8 020PO0NHYIOUUX KOHCTPYKUISX.

1. Introduction

In Ukraine, the average house consumes 260 kWh/m?.
In Europe, a similar value ranges from 90 to 120 kWh/m?.
The main reasons that lead to unjustifiably large heat losses
in the housing and utilities sector are the imperfection
of the existing building structures. A significant part of
heat loss in houses during the heating period is due to
the difference in temperature between the internal and
external air (transmission loss of heat through external
walling) and also as a result of air exchange processes.
Thus, a significant increase in the energy efficiency of
buildings and structures is one of the top priorities for
researchers [1, 2]. The study of energy-efficient construc-
tion is reflected in [3-5]. The main objective of these
researchers is in development of scientific and applied
problems of improving the energy efficiency of buildings
through their reconstruction or design. As well as reducing
heat loss and minimizing the cost of heating residential
premises in buildings with zero emissions; zero energy
consumption and energy-efficient buildings.

Therefore, a comprehensive analysis of house energy
efficiency, and in the first place, of enclosing structures
is relevant. To further save heat energy, central heating
regulation can be used. It is possible to make adjust-
ments depending on weather conditions, that is, the heat
output of the boiler or heat substation will depend on

changes in the outdoor temperature. This line of research
requires the creation of mathematical models with the help
of which it is possible to predict and optimize thermal
processes in the investigated objects. Thus, the object of
research is the calculation of the value of the course of
changes in the internal temperature in the investigated
house with ventilated (VPS) and non-ventilated enclosing
structures [6, 7], which used a two-stage regulation of the
operation time of the substation. So, the aim of research is
determination of the lowest achievable temperature inside
the object and the rate at which the temperature returns
to the initial value from the moment of the cooling stage
using the specified types of enclosing structures.

2. Methods of research

First of all, let’s determine the heat loss of the buil-
ding [8]. The specific heat loss of the building (as the
volumetric density of the heat flux penetrating through
the construction partitions) g, W/(m?3.°C), for 1 m?® of
the external volume is determined by the formula:

P
=§{km +d(kmin _km)}"’_(ntkz +n1kl)H71v (1)

where P — the outer perimeter of the building, m; .S — the
projection area of the first floor of the building, m% &,, £y,
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k., k —heat transfer coefficients for: external walls with VPS,
windows, VPS above the top floor and lower floor (above the
basement); d — the proportion of glass surfaces; H — building
height, m; n,, n, — coefficients that take into account the
reduction of computational differences in the temperature
of the top and lower ceilings with respect to the walls [9].

Heat loss through the VPS can be determined from
the proposed mathematical models:

nk, =0.56-k,, (2)

n,k, = 0-34'km~ (3)
The next step in the calculation is the determination
of the thermal accumulation coefficient of the building
using VPS. This coefficient characterizes the ability of
the general construction of a building to accumulate heat
and reduce temperature fluctuations in heated premises:
F-c,
T=Y_ " 4
23.6~q v 4)
where F — the surface of the walls of the building or their
individual parts (except for the glass surfaces), m:
F=P-H(1-d); (5)
V — the external volume of the building or its individual
parts, m?; ¢, — equivalent heat capacity, k] /(m?-°C).
Another problem is the development of a method for
determining the air temperature in heated rooms.
The air temperature during its cooling is determined
by the formula:

V4
tcg.in:( ain = am)[]{ (1_.]()exp[_B]J+tu.im (6)

where ¢¢,, —the temperature of the internal air at the begin-
ning of the cooling stage; J. — relative heat output of the
substation at the cooling stage. When J, =0

V4
Lain= (tcﬁl,in - ta.in)i[exp[_[s)] +Loins

where Z — the number of hours that have passed since the
beginning of the cooling stage; B — thermal accumulation
coefficient of the building:

(7

B=alT, (8)
where a, — coefficient taking into account the time factor,
which is determined by the formula:

Z ©)

1.5
a,=0.6+0.8-exp| ——|.
The air temperature during the heating phase is deter-

mined by the formula:

t;’.in =(t1};l’;z_tam)(x+(1_x)exp( B ]J+ta ins
h

where ¢!, — the internal air temperature at the beginning
of the heating stage; Z;, — the number of hours elapsed since
the beginning of the heating stage; B, — coefficient of ac-
cumulation of thermal energy in the heating stage:

(10)

B=a,T, 11)
where a, — coefficient taking into account the factor at the
heating stage is determined by the formula:

(12)

0.6
a,=0.2+0.4-exp _Z ;
x — the relative heat flow supplied by the heating system,
in relation to the thermal condition of the building, at the
beginning of the heating stage:

Csin—Lain {
ST 9
where ,,, — specified temperature of the indoor air in heated
buildings; J, — relative heat output of the heating system at
the heating stage (relative to the design capacity at a given
outdoor temperature).

The following values were determined for the archi-
tectural data of the investigated object and the outdoor
air temperature of -5 °C:

1. Specific heat loss of a building: 0.099 W /(m3-°C) [10].

2. Constant 7=40.193 h.

3. x=1.936.

4. The temperature state of the house with two-stage
regulation at the heating stage at J,=1.65 is presented
in Table 1.

Table 1
Calculations for the presented methodology
Operation Heating system | Stage implementation, Zh b Indoor temperature
0 , hours a
mode load, % hours Common wall VPS5 Common wall VPS5
Nominal 100 20 0 - - - 22 22
0 21 1 0.78 31.3 33 21.5 22
0 22 2 0.98 39 41 21 22
0 23 3 1.1 44 47 20.8 21.7
Cooli 0 24 4 1.15 46 48 20 21.4
ooling 0 1 5 12 48 50 1956 21.1
0 2 B 1.22 49 51 19.1 21
0 3 7 1.25 501 53 18.6 20. 7
0 4 8 1.27 52 54 18 20.3
150 5 1 0.4 17 18 19 21
Heat 150 B 2 0.5 20 20 20 22
- 150 7 3 0.53 21 22 21 nominal
150 8 4 0.55 22 23 22 mode
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In reality, the relative heat out-
put of the heating system when the
cooled object is heated is higher than
nominal [11]. When turning on the cir-
culation pumps, there is a significant
increase in thermal power due to a sig-
nificant difference in water temperature
at the supply and return. Therefore,
in the proposed method there was a
corrected value J,=3 for the first hours
of heating the rooms with the given
conditions. In the following hours, the
normal level of the relative heat output
of the system was_J,=1 and x=1.17. The
results are shown in Table 1. If compare
the results obtained for a conventional
insulated wall and VPS, the heating of
the VPS protection will last 2 hours,
that is, two times shorter, or the heat
output can be reduced.

3. Research results
and discussion

Based on the calculations, a diagram
(Fig. 1) of the change in the internal
temperature in the investigated object
is created.

Temperature sensors — thermocoup-
les — are placed in the investigated room
at a height of 1.5 m from the floor and at
a distance of 0.15 m from the inner walls.
Also the thermocouples in the middle of
the room and one outside are installed.
Measurements were taken between 20:00
and 7:00. In both experiments, the hea-
ting unit was completely turned off (from
20:00 to 5:00) on January 13 and 14,
2017 and January 16 and 17, 2017, and
then turned on as usual. In the first
experiment, the average temperature was
4 °C, in the second — 2 °C.

The results of temperature measu-
rements are presented in Fig. 2, 3, re-
spectively, for two repetitions of the
experiment (experiment I and IT).
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Fig. 2. The results of temperature measurements:
a — when power off; b — when starting the heating point; — — external temperature;
—— — internal temperature

23 In the second experiment, the in-
ternal air temperature decreased less,
22 because the external temperature was

U 2l higher.
°d Fig 2, a, b shows a slow drop in
2 20 temperature when the power is turned
£ off in the heat node, and then its ra-
g 19 pid growth after the launch of the heat

o) s Insulated wall point.
Calculations performed by the new
17 method were compared (Fig. 3) with
the results of two series of the above

16 experiment.

20 212223 24 1 34 5 6 Time, hours The presented method describes the
—Jhw=16 ——Jhw=3 Jvps=1.6 Jvps=3 temperature change in the room of the
investigated object, aimed at deter-
Fig. 1. Graph of temperature change in the room mining the lowest achievable tempe-
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rature level and the rate of return to the original ther-
mal conditions. Of course, the technique takes into
account the change in the thermal inertia of the house
when using the VPS and the change in external climatic
conditions.

Indoor temperature, °C

science-based proposals significantly increases the thermal
inertia of the enclosing structures, so that when the heating
system is turned off, the house slowly cools and heats up
relatively quickly. In this way, savings can be obtained as
the building’s structural elements accumulate heat.
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