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This article is devoted to the methods for increasing the efficiency of the heat pump heating system using
the effect based on the energy saving principles. The major aim of the study is the analysis of methods for
increasing the efficiency of heat accumulation by walls of the building with the account of for climate
conditions, which correspond to the requirements of the energy saving technologies. To achieve the aim
the mathematical model was proposed and comparative analysis of efficiency of heat accumulation by
walls of the heat pump heating system was performed for the consumers of the South regions of the
Ukraine. The algorithm of calculation the energy efficiency of the heat pump heating system for heat
consumers was developed taking into account the climate conditions. The estimation methods for the
energy efficiency of the proposed alternative heat supply schemes were offered. The method for
realization was shown using the actual example, and the effectiveness of the alternative heating for
consumers was confirmed. The numerical modelling of thermal processes in the elements of building were
carried out. The analysis of the results of numerical modelling of thermal processes of heat accumulation
by walls for the heat pump installation of heating the of two-story building was presented. The rational
ways of increasing the efficiency of the alternative heating system with heat accumulation by walls and
with account of climatic conditions were grounded. Results of simulation, conclusions and decisions for
the practical application of the heat pump heating system, depending on temperature of the outside air
were developed. The significance of the obtained results consists in justification of conditions, which
make it possible to use the heat pump heating system using the effect based on the energy saving
principles. The most significant results are those recommending the increase in the efficiency of the heat
pump systems for the heat supply for the consumers of the Ukraine. The analysis results can be used for
designing the heating systems based on the heat pumps using the low-potential energy with heat
accumulation by walls of the building. Equations are proposed that are the mathematical model of
thermal processes occurring directly in the heat supply facility itself and make it possible to calculate the
time-varying thermal power required to meet the needs of the heat consumer and maintain a constant
level of the specified microclimate in the building using internal resources of energy consumers.
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1. Introduction

At present, the problem of energy saving can be
solved both by the thermal losses reduction and assi-
milation of the innovation technologies of generating,
distribution, regulation and consumption of the heat
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[1]. The global requirement for sustainable energy
provision and a political imperative for energy inde-
pendence have combined to increase interest in the
use of renewable energy sources to meet growing en-
ergy demands. Therefore, the heat pump systems
(HPS) introduce a new path for sustainable systems
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with clean energy supply and an improved energy ef-
ficiency. Current power systems are still dominated by
fossil fuel-based electricity generation and operated
on supply following the changing demand. Actually,
the task of increasing energy efficiency should be re-
alized by implementation of the innovation technolo-
gies of production and consumption of energy with
the lowest energy losses. The most efficient way of
the energy saving is the introduction of heat pumps
(HP) with tank accumulators, by virtue of their ability
to utilize a renewable energy sources (RES) for hea-
ting systems [2]. Even so, the decisions presented in
literature, which describe the peculiarities of tools for
heat pump system with tank accumulator (TA) for
permanent and intermittent heating modes of the pub-
lic buildings are insufficient [3]. The foreign investi-
gations [4], lack of the methods, which take into ac-
count HPS with TA and conditions of their practical
application for permanent and intermittent heating
modes of the public buildings at the environmental
conditions. The features of influence the heat-circuit
design solutions and operating modes of HPS on the
value of the replacement factor of an alternative hea-
ting system haven’t been clarified till now. In the last
decade, energy generation from HP using RES has
seen a sharp rise, but the energy supply from RES is
inconstant because it is weather dependent. Thus, the
energy production from installations using RES par-
tially satisfies the energy demand. However, the po-
wer generation production exceeds the demand during
certain time of a day during which has seen a high in-
tensity of energy coming from RES [5]. This excess
energy can be used through a power-to-heat technolo-
gy. Reserves of traditional hydrocarbons such as gas,
oil, coal are declining every year. And their use is as-
sociated with a negative impact on the environment.
Today, there is a need to move to greater use of re-
newable energy sources, which are inexhaustible and
can guarantee energy and environmental security.
Among renewable energy sources, the use of low-
potential environmental energy, converted to high-
potential using heat pumps (HP), is promising. Expe-
rience shows that HP is one of the promising types of
equipment for creating heat and cold supply systems.

2. Analysis of the latest research on the use
of heat accumulation by walls for HP systems
throughout the heating season.

The power-to-heat approach refers to the conver-
sion of electricity to heat through HP, innovative boi-

lers accumulators etc. Power-to-heat strategies can be
used at the centralized or decentralized level. Heat is
produced centrally either with heat generators stand-
alone or in combination with heat pumps. Most of the
power-to-heat technologies involve the use of an
energy storage mechanism [5]. It should be noted that
heat pumps are much more energy-efficient than other
renewable and conventional technologies. Once in-
stalled and operated properly, one unit of electricity
used by a heat pump delivers 3...5 units of heat on
average over the heating season. By contrast, one unit
of electricity used by an electrolyser (Fig.1) to pro-
duce hydrogen, which is then combusted, results in
0,6...0,8 units of heat. The efficiency of a high-
efficiency biomass boiler is around 0,9 units.

The efficiency of heat pumps has increased steadi-
ly over the past decades due to research, competition,
minimum efficiency performance standards and ener-
gy labelling schemes. Different types of HP suit dif-
ferent applications and regions. Enhanced design can
improve their efficiency even further. In several re-
gions, heat pumps already have a considerable market
share due to their beneficial total life-cycle cost. The
market share is significant for newly-built houses be-
cause heat pumps are often the best option to meet
energy performance standards set by new building
regulations. Even though the overall penetration is
growing, heat pumps are still a rather rare solution for
replacing existing heating systems due to higher up-
front costs or lack of awareness and know-how among
in-stallers and designers. This investigation differs
from earlier references presented in this article by sys-
tematic approach to analyse for issue the conditions of
the efficiencies of various schemes of HP with ther-
mal storage for intermittent heating of the academic
buildings which ensure the maximum replacement
rate of the thermal load. This reduces the level of fos-
sil fuel consumption in structure of regional energy
balance and ensures the substantial energy saving,
ecological and economic effects. The recommenda-
tions in works [4-6] is insufficient in our case under
permanent and intermittent operational modes for jus-
tification the scheme-construction solutions in the HP
system (HPS) with accumulation by walls for the pub-
lic buildings.

The coupling of heat accumulation by walls (HA)
in the HPS is a rational way to improve the efficiency
of the heating system. The tank accumulator can in-
crease the share of use the renewable energy sources
(RES) and favouring self-consumption of energy for
HPS [6]. The use of tank accumulator for the optimal
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operation of HPS in different operation modes is ana-
lysed in [7]. Nevertheless, fully established criteria for
optimal sizing of HP coupled to tank accumulator are
not yet obtainable. For rational implementation of HP
system with HA, the mathematical model of the ener-
gy system is required [8]. The attention payed by the
foreign works [2-8] is insufficient, concerning the jus-
tification of the choice of the scheme-construction so-
lutions in the alternative system of the heat supply,
taking into account the effect of heat accumulation by
walls throughout the heating season.

At present, the problem of energy saving can be
solved both by the thermal losses’ reduction and as-
similation of the innovation technologies of genera-
ting, distribution, regulation and consumption of the
heat with the account of heat accumulation by walls.

3. The aim and tasks of the study

The main aim of the study is to determinate the ef-
ficiency of the effect of heat accumulation by walls,
taking into account the temperature distribution in the
wall during daily changes of ambient air temperature
throughout the heating season.

Our work differs from those foreign papers pre-
sented earlier in that this article analyses the efficien-
cies of various schemes of single-step and multi-step
HPIs using a low-potential heat sources of subsoil wa-
ters for the heating systems with different heat supply
units, which ensure the maximum replacement of the
thermal load. This makes it possible to perform a ra-
tional choice of the conditions for the efficient opera-
tion of the heating system in winter period at the out-
side temperature of #, = —18...8 °C typical for the
South-Eastern Europe. This reduces the consumption
of the hydrocarbon fuel in the structure of the heat
balance of the regions and ensures the substantial en-
ergy saving effect.

To achieve the goal, it is necessary to solve the fol-
lowing tasks:

— to develop the mathematical model of heat ac-
cumulation by walls;

— to justify the possibility of use heat accumulation
by walls for heat pump system, taking into account the
climatic factors;

— determine the energy saving effect of heat accu-
mulation by walls for the heat pump heating system.

4. Research methodology and data processing

The mathematical model of thermal processes oc-
curring directly in the heat supply facility itself, and
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make it possible to calculate the time-varying thermal
power required Or to meet the needs of the heat con-
sumer and maintain a constant level of the specified
microclimate in the room

In general, the heat balance equation of the inte-
grated heat pump system IHP heat supply facility is:

dT,
Tl
=0r (1) = 220cr (1) =22Q0k (t) -2 Oypnr (1), (1)

VB'Cp.pB

where QO(¢) is the heat flow power for heat supply
purposes; XQcr(f) is the heat loss through walls;
2Qok(?) is the heat loss through windows; XQyenr(?) is
the heat loss through air ventilation.

The specified heat balance equation refers to the
air exchange of the interior of a residential building
with the environment, where the external, internal
walls and ceilings are characterized by the ability to
accumulate heat. Depending on the ratio between the
values of the temperature of the walls and the ambient
air, heat can either be supplied to the walls or re-
moved from the walls into the environment Qcz > 0.

Let’s introduce the conditional indices-designa-
tions for the external walls of the house i = 1; for the
ceiling above the upper floor i = 2; for the ceiling
above the basement i = 3; for the internal walls i = 4
and for the inter floor ceiling i = 5.

Let’s assume the initial condition according to
which the air temperature inside all residential pre-
mises is 7 = const, i.e. constant in time and space.
This means that the rate of temperature change in time
1s zero, and therefore for the left-hand side of the heat
balance equation (1) we can write:

drT,
VB.CP.pB.TtB:O (2)

In practice, this means that under such conditions,
the comfort (microclimatic) requirements of the con-
sumer must be constantly maintained at the proper
level in the room throughout the entire service life of
the heat supply installation [9-11]. Taking into ac-
count the maintenance of proper comfortable condi-
tions in residential premises, the heat balance equation
(3) takes the form:

Or ()=220cr (1) 2.0k (t) —2_Osgur (t)- ()
Let’s consider in more detail all the components of
the right-hand side of equation (3).
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Heat losses through ventilation Qyenr

Since when calculating heat loss through ventila-
tion, we assume that the volume of air in residential
premises Vz is a constant value over time and ave-
raged over all premises of a residential building, then,
taking into account the constancy of the temperature
in the premises 75 = const, the power of the heat flow
removed with the ventilated air is a function of the
ambient air temperature 7x(¢) = var, which varies over
time [169]:

QVENT(f):VB‘Cp‘PB‘[TB_TH(f)]- 4)

Heat losses through windows Qox

When calculating heat loss through windows, we
will assume that all windows are made using the same
technology and do not differ in thermal inertia with
respect to incident solar radiation. Then the power of
the heat flow removed through the windows is:

QOK(I)szK'FOK'[TB—TH(f):I: (5)

where ko is the heat transfer coefficient; Fox — the
surface area of all windows in the house.

Heat losses through walls Y Qoxi

The condition of constant temperature in the rooms
of the house 77 means that there is no heat exchange
between the internal walls and ceilings, i.e. the inter-
nal walls and interfloor ceilings inside the house do
not accumulate heat. This condition, taking into ac-
count the indices-designations, can be expressed as:

{Qcm =0 ©)

Ocrs =0

When determining heat losses through all walls of
the house, we assume that the following conditions
are met:

* the temperature difference A7, between the air
inside the cold room 7, i.e. in a room that is not hea-
ted, and the outdoor air temperature 7% is a constant
value, which is expressed by the equation:

AT, =T, -Ty, (7)

* heat losses in the direction from the ceiling to the
basement rooms (i =3) are absent, i.e. Qcrs = 0.

Thus, since the total heat loss through the walls to
the environment Y 5°Qcr is reduced to heat loss from

two sources Y -°QOcri: from the external walls Ocr
and the external ceiling QOcr, that is, the equation is
valid:

ZL Ocri :Z ,-2=1 Ocri- )]

For the external walls of the house, taking into ac-
count their ability to heat accumulation, the heat flow
capacity that removed from the walls Y°QOcr: are
[170]:

> Ocn =@ For [T (1) =Ter (1)1 B], (9)

where o3 is the heat transfer coefficient from the air
inside the house to the wall; F¢r is the surface area of
the walls of the house; Tcr (¢)|B — the wall temperature
from the inside of the house, i.e. from the heated side.

Equation (9) determine the heat flow capacity re-
moved from the walls takes into account the heat ex-
change between the air inside the room and the walls.

This equation can be solved if the wall temperature
Ter ()|B from the inside, i.e. from the heated side, is
known. The specified temperature depends on the
temperature field in the wall and the thermophysical
characteristics of the heat exchange process between
the wall and the environment.

In order to determine the temperature distribution
in the wall, taking into account daily changes in the
ambient air temperature during the season, in order to
determine the effect of heat accumulation by the
walls, we will make the following assumptions: the
walls have a homogeneous and isotropic structure;
non-stationary heat transfer in the walls is one-
dimensional; the effect of wall humidity is neglected,
the effect of wind is not taken into account.

The adopted simplifications allow us to assume
that the model of the wall of the house is a plate of in-
finite length without internal heat sources and finite
thickness &, which has a uniform temperature distribu-
tion over the surface.

Then the temperature field can be determined by
the equation of non-stationary heat transfer:

2
0 TCTi

aTCTi _
cT P
xery

(10)

Oter;

where ocr; is the thermal diffusivity coefficient of the
i-th wall; T¢r; is the temperature of the i-th wall in the
direction along the coordinate axis x. Equation (10)
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can be solved if all the heat transfer and thermal con-
ductivity coefficients of the internal and external sur-
faces participating in heat exchange with the envi-
ronment are known.

The temperature field in the wall, in a qualitative
form, which is characteristic of the case of tempera-
ture distribution in an infinitely long uniform plate
with a thickness of d is presented in Figure 1.

Let us consider the initial conditions at the heat
transfer boundaries.

In general, the temperature distribution at the ini-
tial time ¢ = 0 along the x-axis will have the form:

T (x0.t0) =Ty (x,0) = £y (x).

We will assume that the temperature distribution in
the walls and ceilings at the initial time is linear and
we will take the inner surface of the wall (from the
heating side) as the starting point for the temperature
change along the x-axis.

Taking into account the assumptions and notations
made, we obtain the equation for determining the
temperature distribution of the i-th wall:

Ty -Ty (1)

xcri- (11)
Ocr

Tocri (xcn ) = focri (xCTi ) =Ty

On the other hand, the process of heat exchange at
the outer and inner boundaries of the wall for an arbi-
trary moment of time can be represented using bound-
ary conditions of the third kind in the following form:

— boundary condition of the third kind for the i-th
inner boundary of the wall, i.e. from the side of the
living space:

ey
Oter;

—Acri |B:aB'[TB(t)_TCTi(t)|B:|; (12)

— boundary condition of the third kind for the i-th
outer boundary of the wall, i.e. from the environmen-
tal side:

oIy
Otery

—Acri |H =ay; '[TCTi(t)|H_THi(t):|' (13)

where Acr — coefficient of thermal conductivity of the
i-th wall; ay — coefficient of heat transfer from the
outer boundary of the i-th wall, where, taking into ac-
count the indices-designations, i = 1 refers to the outer
boundary of the wall, and i = 2 refers to the outer
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boundary of the attic ceiling, W/(m-K); Tx; — air tem-
perature, which is taken for the case i =1 and i = 2, re-
spectively; Tuit) = Tu(t) — temperature at the outer
boundary of the wall; Tyx(f) = = Tu(t) + Ti — tempera-
ture in the attic room under the roof, taking into ac-
count equation (7).

The coefficients of thermal conductivity Acr,
which are part of equations (12-13) and the coefficient
of thermal diffusivity acr, which is part of equation
(10), depend on the structural material of the walls of
the house. These coefficients can be assumed constant
in space and time, as well as the coefficients of heat
transfer from the internal air to the wall o and from
the wall to the external air ay;. To solve the equation
of unsteady heat transfer (10) using equations (11-13),
which contain initial boundary conditions and bounda-
ry conditions of the third kind, we will use the finite
difference method (grid method) [12,13], since this
method is an explicit three-parameter method, i.e. the-
oretically always stable. We approximate the partial
derivatives included in the differential equation of
heat conduction and boundary conditions in equations
(12), (13) by finite differences written for points lo-
cated at the grid nodes (Figure 2) [14].

Since the differential equation of heat conduction
in the form of finite differences connects the value of
the desired temperature function, represented in dis-
crete form, with the corresponding coordinates of the
grid nodes, the temperature 7(x;, #+1) at the grid node
x; at the selected time level #+; can be calculated from
the temperatures at the neighboring grid nodes corre-
sponding to the time levels # and #.;.

Approximation of the differential equation (10) by
finite differences allows us to obtain an equation in
the form:

T/ i T/ T/ 1/ it
1 i —q 1+1 1

. 1— 1 1
2At cr Ax2

, (14)

from which, after transformations, we can present the
formula for calculating the desired temperature of the
Tcr wall in a given time plane, at the node with coor-
dinates (7) and (j+1) from the origin of the grid, in the
following form:

|_,aCT At ,aCT At
. . Ax2 4 . Ax2
1 _7Jj-1 CT _ cr
g =Ty 'm+(chm1+Tc’m)m-(15)
1+2 1+2 3

sz
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Figure 1 — Temperature field
over time inside the wall of the building

Let's introduce the notation Acr = 2-(acrAt)/
(Ax’cr), then, for this temperature of the wall, we ob-
tain equation (15) in the simplified form:

-1 1= Acr

JH _ i J
Ter =Te 1+ 4 +( CTi+1
+Acr

T (16)
Ac

i A
+TCjTi—l)1+
T

To solve the equation (16), it’s necessary to intro-
duce the appropriate boundary conditions. Let’s pre-
sent the temperature function at the nodes on the inner
and outer boundaries in the form of a Taylor series
expansion in the vicinity of the corresponding nodes.
Thus, for the internal boundary (x = xop), we present
the temperature function 7(x, z) in the neighborhood
of nodes close to the boundary in the form of a Taylor
series expansion. Then the first derivative of the Tc¢r
temperature function at time #*' in node i can be cal-
culated using the expression:

oT

_8x|x=x0 -

JH_

+1 j+1 j+1
_4TZJ+ _37}]4' _T2.1+ ‘

A a7

i

By substituting the value of the first derivative
function of the temperature T’ in the node (j+1, 7)
from the discrete equation (17) into the expression for
the boundary conditions (12), we obtain the relation
for determining the 7cr temperature on the inner sur-
face for the time plane (j+1) in the form:

)’CT j+1 j+1
_er 4TJ _TJ
ap ZAXCT ( CT2 CTS)
op2Mxcp

Ty +

(18)

JH _
Ter =
1+

Figure 2 —Elementary volume
in the form of a spatiotemporal grid

Similarly, by approximating the boundary condi-
tions (12) on the outer surface of the wall with finite
differences, we obtain the value of the T¢r tempera-
ture at node n for the time plane (j+1) in the form:

)“C T

Ty +— 2T

j+1 j+1
(4Té;n—l - TCj';"—n—2 )
oy 20xqr

JH_
Tera =

(19)

1+

Numerical modelling of thermal processes in bar-
riers, determination of the non-stationary temperature
field, carried out for a period 240 s. Heat losses
through the walls and ceiling were calculated accor-
ding to the formula (18) with an interval of 1 hour.

Taking into account the accepted assumptions, as
well as equations (14), (15), (19), which are the basis
of the solution of the balance equation of the heat
supply object (13), the ratio for determining the heat
flow capacity for the purposes of heat supply is ob-
tained in the form:

Or (1)=[V5-C,, pyp-a+kox  For |-[ Ty =Ty (1) ]+
+{0‘B Fery '[TB —Ter (t)|B}}+

+{ag Fors [Ty —Tera (1) B} (20)

The resulting equation can be solved with a known
temperature distribution in time T¢ry|B on the surface
of the external wall from the side of the heated room
and the temperature Tcr2|B on the surface of the exter-
nal ceiling from the side of the heated room. In turn,
to determine these temperatures, it is necessary to
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know the temperature distribution in this barrier ta-
king into account the boundary and initial conditions.
Equations (9)-(20) are a mathematical model of ther-
mal processes occurring in a heat supply facility.
These equations allow calculating the time-varying
thermal power Qr, which is necessary to meet the
needs of the heat consumer and maintain a constant
level of the specified microclimate in the room.

5. Results of simulation, conclusions and de-
cisions

Numerical modelling of heat exchange processes
in a heat supply facility, which is a typical individual
house, is reduced to calculating the dynamics of heat
losses during the heating season [14], which are in-
cluded in the heat balance equation of the heat supply
facility (3) and allows to calculate the changes in the
heat load of the system.

Let’s analyse the results of numerical modelling
using the example of calculation for the middle Octo-
ber. The average daily distribution of the outdoor air
temperature of the heat supply facility in the mid-
October is shown in the Figure 3.

12 T, o0 /,___‘

11

4
10 /
9
8

N / AN

t, hours

0 2 4 6 8 0 12 14 16 18 20 22 24

Figure 3 — The average daily outdoor air
temperature Ty in the mid-October

Results of calculation of the heat load of the heat
supply facility and its components — total heat losses
through ventilation and through windows QOyenriok,
through walls QOcr and thermal power of the building
QOr with and without taking into account heat accumu-
lation by the walls are shown in the Figure 4.

The specified heat losses are a function of the ex-
ternal air temperature Ty.

For the purpose of comparison, results of simula-
tion of the heat load of the system with account the
heat accumulation by walls Qcr and through the cei-
ling O and similar values without taking into account
accumulation Qcr and Qy7 are presented.
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Figure 4 — Heat losses and daily heat load in October

The analysis shows that the accumulation of heat
by the walls has a mitigating effect on the nature of
the heat exchange process, i.e. the graphs of fluctua-
tions of heat losses through walls QOcr and ceiling On
are characterized by small amplitude over time, which
is clearly visible from the curves of changes of heat
flow capacity that lost from the interior of the building
to environment through the walls and ceilings.

Heat losses through the ceiling Oy practically don’t
change during the day but fluctuations of heat losses
through the walls Qcr, taking into account accumula-
tion, are smoothed out and their average value for Oc-
tober are equal Qcr = 0,66.

For comparison in the Figure 4 the dotted line
shows a graph of total losses through walls and cei-
lings Q'cr+i7 without taking into account heat accumu-
lation by walls. The graph of heat losses through walls
and ceilings Q'cr+7 has a clearly pronounced sinuso-
idal character, opposite in phase to the graph of chan-
ges in ambient air temperature 7y during the day (Fi-
gure 3), the phase delay is approximately 12 hours.

During the night period, the graph of heat losses
Q' cr changes is similar to the sinusoidal curve of heat
loss changes through ventilation and through windows
Ovenr+ok, which is explained mainly by the changes of
the ambient air temperature 7. It is obvious that the
value of specified heat losses reaches its maximum
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value during the night period, which leads to a corre-
sponding increase of thermal load of the system Qr.

Analysis of calculations shows that when heat is
accumulated by walls at night, heat losses Qcr caused
by fluctuations of the ambient air temperature 7y are
relatively smaller, since the amplitude of fluctuations
in the consumer's requirements in thermal power Qr is
smoothed. Thus, the changes in heat losses taking into
account heat accumulation by walls Qcr, which de-
pends on ambient temperature 7y, is less pronounced
for fluctuations in consumer's requirements of the
thermal power Qr.

In the Figure 5 the heat load changes in October
are shown, taking into account the accumulation of Qr
and excluding the accumulation of heat by the walls
of the house Q'r. The solid line shows the change of
the heat capacity, and the dotted line refers to the case
of heat load without taking into account the accumula-
tion of heat by the walls. The graphs clearly show the
influence of the accumulation of heat by the walls on
the amplitude of fluctuations in the heat load — the
amplitude of fluctuations of Qr decreases. In this case,
the maximum amplitude is observed before sunrise (at
the minimum outdoor air temperature 7%), and the
minimum — around noon, approximately at 14.30, i.e.
at the maximum temperature 7.
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Figure 5 — Changes of the heat load in October
with accumulation of heat Q'r and without
accumulation of heat Qr by the walls

The dynamics of the non-stationary process of heat
exchange between the wall of the house and the envi-

ronment, taking into account the accumulation of heat
by the walls, can be clearly seen in Figure 6, which
presents graphs of changes in the temperature field in
the outer wall for the given period of the day. The re-
sults of the calculations presented were performed
with an interval of 6 hours and refer to mid-October,
but it is worth noting that the temperature field in the
walls of the house for other months of the heating pe-
riod has a similar character.
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Figure 6 — Diagram of the thermal capacity QOr

Analysis of the graphs of the temperature function
Tcri(x) along the wall thickness & shows that for 13:00
it has the greatest curvature especially near the outer
wall of the house, but over time it takes the form of a
straight line, which becomes most pronounced in the
evening. The graphs characterize the features of non-
stationary heat exchange processes in the wall, where
the temperature through its thickness decreases from
the inner boundary to the outer, in accordance with the
change in the temperature difference between the en-
vironment and inside the house. After noon at 13:00,
an increase of temperature is observed near the outer
boundary, which is explained by the ability of the wall
to accumulate heat.

It is obvious that the nature of the temperature field
in the walls affects the microclimate parameters inside
the house, which, according to generally accepted
standards, must be maintained at a proper constant
level over time, which causes a corresponding fluctua-
tion in the thermal power of the HPS.The results of
the heat load calculations for the heat supply facility
of IHP during the heating season are presented in the
form of a generalized diagram at Figure 6.

5. Conclusions
Analysis of the diagram shows that maximum

monthly heat load of HPS is 3700 kWh and is typical
for January. That is typical for climate conditions of
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Odessa, for HP heating system of two-story building
with an area 100 m* In December and February, the
heat capacity requirements are also high — 3200 kWh,
but less than in January. However, the average daily
heat capacity in February — 114 kWh is greater than in
December — 103 kWh in October and April, the heat
load of HP heating system is minimal —1750 kWh.
Numerical modeling of heat supply facility allowed us
to establish the heat capacity of HPS for warm 6500
kWh and cold 12500 kWh months of the season, re-
spectively.
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Jana cmamms npucesauena memooam nio8UWEHH eheKMUSHOCMI MENIOHACOCHOI cCUCmeMU ONAleHHs 3
BUKOPUCMAHHAM epexmy, wo 0a3yemvcs HA NpuHyunax euepeosdepesicerts. OCHOBHOW Memoi 00-
CHOMNCEHHs € aHANi3 MemoOi6 NIOBUWEHHS epeKMUBHOCI aKyMYI08AHHS MENnIomu cCminamu 0yoieni 3
VPAXYBAHHAM KAIMAMUYHUX YMO8, K 6I0N08I0AIOMb 8UMO2aM eHepeo3bepicarouux mexnonoeii. /i 0o-
CSACHEHHSI NOCMAGNEHOI Memu 3anpOnOHOBAHO MAMEMAMUYHY MOOelb Md NPOEEOeHO NOPIGHANbHULL
ananiz eghekmueHoCcmi akymyasyii menia cminamu 0y0ieii npu GUKOPUCIAHHI MENJIOHACOCHOT cucmemu
onanenHs O KIMAMmuyHux ymos Ykpaiuu. Po3pobreno aneopumm yucenvbHoeo MoO0en08ants eHepeoe-
Gexmugnocmi MenioHACOCHOT cucmemu ONANEeHHs 3 YPAXYBAHHAM KIIMAMUYHUX YMO8. 3anponoHo8aHo
Memoou OYiHKU eHepeoeheKMUBHOCMI AbIMepHAmUBHol cxemu menaonocmavanus. Ha xonkpemnomy
NPUKAAOl NOKA3AHO CHOCIO peanizayii ma niomeepoiCceHo ephexmusHicmeb CUCeMU ATbIMEPHAMUBHO20
onanenHsa. BUKoHaHo uucenbHe MOOENI08AHHS MENIOBUX NPOYECI8 8 efleMenmax 0y0ieii 3 ypaxy8aHHAM
aKymynioeanta meniomu cminamu. Hagedeno ananis pe3yibmamis yuceibH020 MOOe08aHHA Menio8ux
npoyecie aKymyno8anHs menia cmiHamu npu pobomi mMenioHACOCHOI YCmanosKuy 07 yinell OndajieHHs
08onoeepxo6oi Oyodieni. OOIPYHMOBAHO PAYIOHANLHI WIAXU NIOBUEHHS eEeKMUBHOCMI AlbMePHAMUG-
HOI cucmemuy ORANeHHs NPU AKYMYTIO8AHHI MENIOMU CIMIHAMU 3 YPAXYBAHHAM KIIMAMUYHUX YMO8. Buxo-
HAHO AHANI3 pe3yTbmamis MOOeN08AHHL Ma 3aNPONOHOBAHO PIUeHHS 011 NPAKMUYHO20 3ACMOCYBAHHS
pe3yrbmamis 00CaiOHceHHs. IHauuMicnbs OMPUMAHUX Pe3VIbMAmie noasiedae 8 00IPYHmMYS8anuHi YyMo8, sAKi
oaromy 3acadax enepzozoepesicenns. Haubinou eacomumu pesyrbmamamu € 8UCHOBKU W00 NiOGUYEHHS
ehexmusHOCMi MENTOHACOCHUX CUCMEM MeNN03a0e3NeYeHHsT CRONCUBAYIB, SIKI MOXNCYMb OYMU 8UKOPU-
cmaui 0Jis1 RPOEKMYBAHHA CUCHEM ONANEHHS HA OCHOGI MENJIOBUX HACOCI8 3 YPAXYBAHHAM AKYMYII08AHHS
mennomu cminamu 0y0ieni. 3anponoHo8aHo piGHAHHSA, AKI € MAMEMAMUYHOIO MOOENNI0 MeNi08Ux npo-
yecie, sKi 6i00y8aOmbcsi 0e3n0CePeoHbo 6 Camomy 00 '€Kmi MenionoCmMaiaHus, 00380J50Mb PO-
3paxyeamu meniogy NOMYMCHICIb MEeNIOHACOCHOI cucmeMmu, AKA HeoOXiOHa Ol 3a00804eHHs nompeo
CnoJicusaya menia ma niOMPUMKU HOCMINIHO20 PiBHA 3A0AH020 MIKPOKIIMamy 6 OY0iei 3 6UKOPUCAH-
HAM 8HYMPIWHIX Pecypcie CnOMXCU8a4ie eHepeil.

Knwuosi cnoea: Axymynamopu meniomu, Mooenosanns, Tennoei nacocu; Enepzosbepesicenns; Cu-
cmemu menaonocmadanns;, Peocumu pobomu cucmem menionocmadanns, Knimamuuni ymosu
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