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IIpedcmasneno onuc po3po6aerozo i 6u20mMo6aEH020
O6azamoynryionanbHozo menno6o20 nyHKmy, wo 003-
601€ 3a0e3neuysamu CnONCUBAA MeN06010 MA X0J10-
dunvroro enepzicro. /[na epexmusnoi po6omu menno-
86Ul NYHKM MICMUMb CUCMEMY ABMOMAMUI0BAHOZ0
YNnpasainns, wo 00360J5€ HANPABIISIMU MENI08i NOMO-
Ku onmumanvHum uunom. Po3pobra maxozo mennoeozo
nynxmy o6ymosaena mum, wo 6 Pocii 6 danuii wac nemae
KOMNJIEKCHUX 00CIi0MHCEeHb NO CMEOPEHHIO CUCTEM eJleK -
mponocmauanns nHa 6asi menaogux nacocie. Icuye pso
pobim, axi paxmuuno xonitoromv 3axioHi MmexHo02ii.
IIpu ybomy ne epaxosyromvcsa ocobaueocmi Kaimamuy-
HUX 30M, WO 6KPAll 6ANCIUGO O] PO3GUMKY NOVIOHUX
eaexmpocmanyii. To6mo, panime mnixmo ne cmeopio-
6ae npodyxm, akuil 00HaKo6o 0obpe Npauloe ¢ Ymoeax
IMigoennux peeionie i Kpaitnvoi Ilienoui. Tennosuit ma
2i0paenivHuil po3pPaAxXyHKU Mmenuio60z0 NYHKMY, pe3yiv-
mamamu axux 6yau 6ionoeiono xoediuicumu nepemeo-
PeHHS © ONOpY KOHMYPI8 MenjOHACOCHOI YCMAaHO6KU,
noxasanu, w0 KoepiyicHm nepemeopeHns no 6Cix KO-
mypax aexcums 6 dianazoni 6i0 3,352 0o 4,884. B danuii
yac npogedeni NYcKo6i GUNPOOYBAHHA MENT0B020 NYHK -
my, AKi noKA3anU NPABUNLHICML 00pPAHUX KOHCMPYK-
MueHUX piuens i npaye30amnicms YyCmamosxu.

Ompumani pesyavmamu 6yoymo KOpuUCHi npu npoex-
MYBAHHI AHANOIUHUX CUCMeM, MAK AK OCHOBHI Xapax-
mepucmuKu KackaoHux menaoGux HACOCi@ 00vucaeni
PO3PAXYHKOBUM WLASIXOM.

Konxpemni peaynomamu 00caioxncenns noaseaoms y
Hacmynuomy:

— po3pobnena 6azamouiiboea mennioga mouxa, w0
00360J15€ 30itlicHI08amMuU OnaeHHs nomyxcwicmio 25 kBm,
eapsve eodonocmananus — 5 kBm, xonouuirosanns —
16 kBm, éenmunsauyisn 25 kBm;

— euU3Haueni K008I NOKAZHUKU MEnJoeoi egex-
mueHocmi esleKmpocmanyii, maxi ax Koeiyicum mpan-
chopmauii, mepmiuna oyinka i m. i.;

— 6U3HAUEHA EMHICMb KOMNAKMHUX AKYMYILAMOPIe
menaa. /[na naepiey npu memnepamypi 6 35 °C npo-
msazom 12 200un y niunuii wac nompioen pesepeyap 0as
xkomaa na 2500 n, a xonexmop 0as 3minu dazu —
300-500 n;

— Ha 0CHO61 aHaNi3y HAABHUX 6IOHOGII0BAHUX 1 6MO-
punHux 0xcepes enepeii, po3podena cmpyxmypa menyio-
8UX NOMOKI8 CMAHOAPMHO20 CRONCUBAUA 3 OHCePeaamMU
HAOIUWK 06020 Mena i MOUKAMU 1020 CROHCUBAHHS

Kntouosi cnosa: mennosuii nacoc, mennosuii nynkm,
cucmema KOHOUUIOHYBAHHS, CUCMEMA ONATIEHHSL, NOHO6-
Jnosani oxcepena enepaié conﬂéma enepeis
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there is a great need for a radical change in energy consump-

tion and large-scale use of energy-saving technologies.

At present, there is widespread wear and tear on heating

Today, of all technologies on renewable energy sources,

equipment and heating networks. There is also a constant  the most stable on receipt of heat energy is the technology
increase in prices for all types of energy carriers and a steady  of heat pumps. Solar and wind energy is characterized by
trend of increasing tariffs for thermal energy. Therefore, inconstancy of energy input — solar “works” only in the




daytime in sunny weather, wind — with the wind speed of
5m/s and more.

The main purpose of the appearance of heat pumps is
to combat the acceleration of global warming. The multi-
functional heat point under consideration corresponds to
the best Western technologies and is relevant for solving
modern environmental problems.

2. Literature review and problem statement

The article [1] describes the system of utilization of
excess energy in subtropical regions. The model of assess-
ment of excess heat energy was developed, at the same
time in this system ventilating losses which we consider in
wiring design of the multifunction thermal point were not
considered. In the publication [2], the installation capable
to utilize geothermal power of high potential (more than
150 °C) is described. It is quite easy to transform similar
working medium to the heat carrier suitable for heating and
hot water supply of the consumer. Our installation is capable
to utilize the heat carrier of low potential up to 20 °C. Then
the thermal point increases the heat carrier potential in the
corresponding cascade and gives it to the necessary line.
As the analysis of sources shows [1, 2], the consumer often
throws out thermal energy outside. Generally, these emis-
sions are: the exhaust ventilating air deleted from the room
during the winter period (in the absence of a recuperation),
warmth of the deleted sewage.

In the work [3], possibilities of optimization of condi-
tioning system for office buildings of four main cities of the
Iberian Peninsula are investigated. The reverse heat pumps
working as traditional split systems are used. The thermal
point developed by us can use passive conditioning. Passive
conditioning works even with the switched-off heat pump
and provides big economy of electrical energy.

There is a set of the maintaining systems of microclimate
rooms which use various fuels in the world. At present, heat
pump systems for heating buildings are very common [4].
Also, the use of heat pumps for air conditioning of domestic
and industrial premises [5]. Also, the systems working at the
expense of difference of average and seasonal temperatures.
Such energy complexes are designed for power supply of
autonomous consumers with thermal energy, cold energy
and electric energy, and also provide the consumer with hot
water with the temperature of 60 °C from a solar radiation
[6]. The systems working for ventilation are less widespread
[7]. As a rule, these systems are aimed at one of the tasks:
heating, hot water supply, conditioning or ventilation. The
complex solution of an objective decides the use of several
systems at once. This approach limits a possibility of the
secondary energy sources received is collateral during the
work of any of the systems [8]. The deficiency of organic fuel
increasing in the world dictates the need for an increase in
power effectiveness of installations by the use as renewables,
and the secondary energy resources [9]. It is possible to pro-
vide high only with the heat and cold energy combined with
development on the general power platform [10].

Thus, a clear niche of the research is revealed — the
creation of an installation in a single unit that solves the
problem of heating, air conditioning, hot water supply and
ventilation.

We change thermal loads of the evaporator and con-
denser in our research. This is done using the settings of

the multifunction heat point. The principle of operation
is described below. From the tank-receiver of a multifunc-
tional heat point, heat is cascaded to the receiver tank. At
the same time, the parameters are measured: the amount of
heat extracted from the source, the amount of heat trans-
ferred to the receiver, the amount of electricity supplied
to the compressor drive of the cascade. The temperature
level between the tanks maintains a circulation circuit
that transfers heat from the receptacle to the source tank.
The regulation of this temperature level is carried out by
changing the frequency of circulation in the circuit by af-
fecting the flow rate of the heating medium by the control
valve and the position of the speed of the circulation pump.
Excess heat that will be accumulated in the system by sup-
plying energy to the compressor is diverted to the external
environment by replacing part of the circulating water with
make-up water.

For an increase in economic efficiency of heat pumping
technologies, it is necessary to increase, on the one hand,
their power efficiency, and on the other hand, to reduce the
cost of a single installation. For heating, conditioning and
hot water supply of the consumer with the maximum power
efficiency, we suggest to develop the multifunction thermal
point, in which the heat pumping cycle is assumed as a basis.
Reduction in the cost of a single installation can be reached
by domestic production of units. The import parts and nodes
are involved less, the cost will be lower.

Generally, all sources on the studied subject consider
particular parts of the problem. However, nobody works on
the common increase in the effectiveness of a heat pumping
cycle and multifunctionality of the installation [3—-10].

3. The aim and objectives of the study

The aim of the work is to create a highly efficient and
economical multifunctional thermal point based on the Rus-
sian cascade heat pump. It provides thermal energy and cold
energy by transforming the heat of renewable energy sources
and household heat for autonomous and decentralized ener-
gy supply systems to consumers.

To accomplish the aim, the following tasks have been set:

— development of a scheme for the utilization of heat
and cold by various cascades of a heat pump in one common
multilevel scheme;

— development of methods for increasing the economic
efficiency of heat pump plants;

— description and definition of internal and external en-
ergy sources of the building;

— identification of consumers of thermal and refrigera-
tion energy.

4. Material and methods of research

The following measures are taken for ensuring an in-
crease in the utilization coefficient of primary energy and
according to power efficiency:

1) losses in the “low-potential source/consumer” system
are reduced;

2) secondary power sources are used,;

3) the additional power sources having the higher ther-
mal potential, than the most widespread soil, water and air
are introduced;



4) discrepancies of schedules of consumption of warmth
and schedules of secondary energy resources intake and ad-
ditional external sources of warmth are eliminated;

5) heat pumping cycles are optimized.

The scheme provides driving of thermal energy from
sources to receivers in and out of the consumer due to the
graduated structure of vapor-compression heat pumping
plants. This scheme allows to provide the simultaneous
production of the necessary amount of thermal energy with
various required temperature and power of the heat carrier.
Energy is used for heating, for hot water and also receiving
cold for the functioning of the ventilation and air condition-
ing system up to food freezing.

For the implementation of the first two points,
the scheme of the heat fluxes movement in the
building is formed. Proceeding from the princi-
ples of energy saving and comfort for the consum-
er, flows are redirected so that by the production
of heat/cold, cold/heat received at the same time
it was useful. Also, this scheme joins flows of
secondary sources of warmth to minimize energy
loss with waste warmth. This scheme is present-
ed in Fig. 1. For the implementation of the third
point as the high-potential source of warmth,
solar energy is used. The existing schemes of
solar energy are not rather effective as they use
accumulation in one accumulator (boiler). But
we separate the potential of solar energy into
3 levels for accumulation in different devices
and use in different cascades of the scheme. The
innovation approach was applied to the elimi-
nation of discrepancy of receipt of solar energy
and secondary energy resources and the schedule
of heat and cold consumption. The approach
consists in the use of multi-level accumulation
of warmth at different thermal potentials with
reduction of dimensions of accumulators due to
the use of the effect of change of substance phase.

For the optimization of heat pumping cycles of different
cascades, the following two factors are used.

1. On the basis of research of the types of existing
compressors and operating conditions of the cascade, the
optimum compressor for each of cascades is defined. During
the research, the main criteria of definition of the type of
the compressor were: cascade power, operating mode — the
frequency of inclusions, operating time for life cycle, tem-
perature of the source in the cascade, receiver temperature
in the cascade.

2. On the basis of research of the types of Freon and op-
erating conditions of the cascade, the optimum working me-
dium for each of cascades is defined. During the researches,
the main criteria of definition of the type of freon were the
operating mode — the frequency of inclusions, operating time
supports life cycle, temperature of the source in the cascade,
receiver temperature in the cascade.

For checking the physical aspects of thermal point ad-
vantages, the experimental stand on the basis of the cascade
thermal pump was assembled (Fig. 1).

During preliminary technical and economic calcula-
tions of the multifunction thermal point on the basis of the
cascade heat pump, traditional systems of heating including
heat pumping single-stage systems were analyzed. It is
known that under different entry conditions, such as the

cost of energy carriers, availability of connection of gas, the
electric power, geographical arrangement of the building,
geology, depth of occurrence of subsoil waters, orientation
of the building concerning parts of the world, capital and
operational expenditure is different. In one case the main
gas, in another — bituminous coal, in the third the heat pump
and so on will be an optimum system of heating. The option
which reflects the most probable situation for the Midland of
Russia is studied. One of the tasks of the multifunction ther-
mal point is the creation of a system of heating, conditioning
and hot water supply more favorable and energetically effec-
tive, than traditional systems. For continuation of further
research, the maximum threshold capital expenditure and
these values designate the lower bound of the economic fea-
sibility of the developed installation.

Fig. 1. Experimental stand of multifunction thermal point

The above ways of increase in power efficiency at a
certain value of capital expenditure allow developing the
domestic thermal point providing the consumer with heat,
cold and hot water. Besides, this thermal point is more eco-
nomically attractive, than the existing systems for average
Russian conditions.

5. Results of the multifunction thermal point block
diagram development

For effective operation of the heat pump, it is necessary
to use not only external sources of low-potential energy,
but also internal overflows of energy in the building. Sewer
drains, ventilating emissions, warmth of rooms in which air
cooling is carried out (conditioning, or refrigeration cham-
bers) belong to internal sources. External sources include:
low-potential energy of soil, air, energy received from solar
collectors. The structure of heat fluxes of the standard con-
sumer with sources of excess heat and points of its consump-
tion is presented in Fig. 2.

The flows shown on the scheme were used in cascades of
the heat pump of different functions. Apparently from the
drawing, the scheme contains low — average and high-po-
tential sources of heat energy. These sources can be utilized,
transforming to heat energy for heating, conditioning, hot
water supply and ventilation.
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Fig. 2. The structure of heat fluxes of the standard consumer with sources of excess warmth and points of its consumption

6. Internal power sources — chilled rooms, sewerage,
ventilation waste

For conditioning, the most effective mode is passive con-
ditioning — use of soil heat exchangers for transfer of the
building air heat in a soil. This type of conditioning belongs to
“soft” as soil temperature depending on the region is 8—12 °C.
At such temperatures, in peak loads, it is impossible to re-
ceive the cooled air with comfortable temperature. There are
modes when deeper cooling of air because of requirements of
comfort, decrease in air humidity is necessary or when using
refrigeration chambers. In standard cases, when cooling
rooms, the received heat is taken away in circumambient via
the outside block in the freon conditioner. In the scheme of
the multifunction thermal point, this heat is useful. It goes to
buffer tank of the heating system where it can be used direct-
ly for heating of heat-insulated floors that is urgent for bath-
rooms even during the warm period of the year. This warmth
can be directed to hot water supply, previously having lifted
the potential in the corresponding cascade of the heat pump.

Sewer drains contain the considerable warmth lost when
using hot water supply and heating due to warming up of the
water supply system in the pipe when passing the tie of the
heat-insulated floor. As receipt of sewer drains unevenly, the
intermediate tank is provided in the scheme. When the tank
is filled, the corresponding cascade of the thermal pump
turns on and transfers warmth from sewer tank to buffer
tank of heating. In this case, there is no sense to accumulate
warmth in the additional accumulator of warmth as the sew-
er tank acts as it. Warmth from the buffer tank, as well as in
the previous case, is used for heating and hot water supply
via the additional cascade of the heat pump.

In ventilation of rooms, the warmth of waste air which
is taken away in circumambient is lost. In standard schemes,
recuperation (heating by the leaving air of the incoming) is
applied at which part of warmth of waste air returns to the
building. The possibility of application of recuperation is
also provided in our scheme. In addition, in the scheme the
possibility of energy storage in ice is implemented that is
provided with cold accumulators on the principle of change

of substance phase (water or other substances). The scheme
operation principle is as follows: the thermal pumps connect-
ed to the external source (air and soil) take away warmth
from the cold accumulator, freezing it, then switch to the
main source. The dumped ventilating air passes through the
cold accumulator and melts the heat carrier, giving warmth.
The cold accumulator in this case acts as the buffer, allow-
ing heating thermal pumps to work in the design condition
and to refuse the additional heat pump only for active recu-
peration of the leaving air. Besides the use of temperature
potential (0 °C above), working substance (water) of the cold
accumulator allows to provide a higher coefficient of perfor-
mance, than on their main source (soil and air) which in the
dynamic mode have a temperature lower than 0 °C.

7. External renewable energy resources

In standard schemes, effective use of solar energy is
difficult. Solar energy is used effectively only for hot water
supply on the traditional algorithm: the boiler is warmed
up from solar energy from 5-10 °C (water supply system
temperature) up to the temperature which is provided by
solar energy. If solar energy is not enough, then the tank
is warmed up by the boiler to the established value. When
heating, in which the temperature of the return water is
20-30 °C, we cannot use the bulk of low solar activity which
is characteristic of the heating period. Therefore, relative
division of operating modes of the system according to solar
activity is provided in our scheme: low-potential, average
and high-potential solar activity.

During off-season when solar activity small, and the need
for heating and hot water supply nevertheless is available, in
standard schemes it is difficult to use solar energy effectively be-
cause of the low reheat temperature of the coolant (15-25 °C).
The solar collector works in such mode for a considerable
part of the heating period, therefore there is a sense to use
it. It is possible to accumulate energy at the low potential
for the implementation of it. It is possible to use this energy
as needed, transforming it up to the necessary temperature



in the corresponding contour of the cascade thermal pump.
Accumulation in the boiler of explicit warmth in this case
is inefficient as at a low temperature of the coolant (water)
and the big needs for heating dimensions of the accumulator
will be too big. Therefore, in this case accumulation is most
reasonable in compact heat accumulators. For example,
when heating the house of 100 sq.m in the Rostov region of
the Russian Federation, average heat losses make 10 kW (at
outside temperature minus 22 °C), and during the transition
period about 3.5 kW. Heating with such power and with
the temperature of 35 °C, within 12 hours of night-time re-
quires the boiler tank of 2,500 1, whereas the accumulator on
change of phase of 300-500 L.

The energy which is saved up in the warmth accumulator
is used by the corresponding cascade of the heat pump and
goes to the buffer tank for heating. From this tank via the
corresponding cascade of the thermal pump, warmth can go
for hot water supply in addition.

On clear days of the transition period, high solar activity
and heating of the coolant to 80 °C and more is possible. In
this case, the use of high-potential heat energy; is the most
effective for storage in the boiler and the subsequent use
(for hot water supply). The density of energy is higher and
in total with a low share of heat consumption on hot water
supply in the overall balance of the building, the boiler sizes
are small. The use of the high-potential energy from the
solar collector for heating is inexpedient as for this purpose
it is necessary to reduce its potential. Its share in the overall
balance of the scheme is small and will be most effectively
used for hot water supply.

The solar energy of average potential sufficient for heat-
ing, optimum to direct to heating, passing cascades of the
heat pump and buffer tank of the heating system as irregu-
larity of its receipt and consumption will cause too big size
of the buffer tank. The warmth accumulator with a heat-re-
taining material having a change of phase corresponding to
the temperature of the coolant heated in the temperature
condition by solar energy of average potential acts as the
buffering zone.

8. Low-potential sources — geothermal, air, solar

Geothermal renewable power doesn’t need accumula-
tion as soil itself acts as the accumulator of warmth of the
off-season. Among all above-mentioned sources, it has the
lowest temperature potential and therefore it needs to be
substituted with sources with higher temperature potential
for an increase in the coefficient of performance to the max-
imum. Low-potential warmth is transformed in the corre-
sponding cascade of the heat pump and goes to the buffer
tank. For this cascade, a priority source is the cold accu-
mulator which is used in ventilation as has a temperature
above 0 °C, at air temperature during the heating period
lower than 0 °C there is lower than 0 °C and temperature of
the heat carrier of a ground contour in the dynamic mode.
When the entire heat-retaining material (water) of the cold
accumulator turns into solidity, the cascade switches to the
main source (soil/air), on a priority at what temperature
potential is higher.

External air, as a renewable source of low-potential ener-
gy, is used in a completely analogous manner to a geothermal
source. These sources work not in parallel, and replace each

other. In the dynamic mode, warmth of a geothermal source
will be in the range from minus 5 °C to minus 8 °C. It means
the temperature of external air more setpoint value so far,
it is more effective to use air for a high coefficient of perfor-
mance of a heat pump.

9. Consumers of thermal energy

Heating by the multifunctional thermal point on the
basis of the cascade heat pump is provided through a buffer
tank to which all sources of warmth are connected. Heating
devices — modern systems operating in the temperature
range of 30—45 °C. For heating sources which use is followed
by the least expenses of primary energy at the moment are
a priority. Here the priority of sources in decreasing order
is listed: solar energy, sewer drains, ventilating dumpings,
air and geothermal renewables (depending on environment
temperature). The criterion of priority are costs of transfer
of energy from a source to the receiver. The least expensive
is solar energy. The priority is built from the temperature
potential of a source — it is higher than a coefficient of per-
formance of a heat pump.

Hot water supply is provided by means of the boiler of
indirect heating of the multifunctional thermal point where
water with the temperature of 55 °C is collected. In the
scheme, there are 2 sources for heating of hot water. The
first — high-potential solar energy. The second — increase
in the potential of the heat carrier of buffer capacity to level
55 °C due to the operation of the cascade of a vapor-com-
pression heat pump.

10. Experimental research of the multifunctional thermal
point

During the research, the massifs of the equations
reflecting the processes happening in it were developed
for receiving the main principal specifications of the ther-
mal point. Specifically, processes of a heat mass transfer
of freon and water contours of the thermal point were
worked out. The boundary conditions of the mathematical
model allowing to apply it in the conditions of moderate
and continental climate were established. By scaling the
developed mathematical model on everything a contour
and clusters of the multipurpose thermal point on the
basis of a cascade heat pump, it is possible to obtain reli-
able data and output principal specifications of the entire
installation.

The calculated indexes of power effectiveness of contours
of a cascade heat pump are presented in Table 1.

On the basis of Table 1, the chart of dependence of the
coefficient of transformation on the difference of an evap-
orator and the condenser temperatures is constructed.
The chart of COP dependence on the difference of tem-
peratures of an evaporator and the condenser is submitted
in Fig. 3.

During tests, first of all, the main characteristics of the
heat pumping installation — coefficient of performance for
all cascades were obtained. The coefficient of performance
is in the range from 3.352 to 4.884. The difference of
temperatures on all cascades — from 13 to 35.5 °C is also
received.



Indexes of power effectiveness of contours of the cascade heat pump

Table

—_

s Warmth ofa | Hot water Warmth of Heating by the ground and
Purpose of a contour Conditioning . g .
kanalation supply ventilation air probe
Unit thermal load of a heat pump, k] /kg 174.35 174.35 148.035 144.116 127.929 127.929
The specific energy consumed by the 35.698 35.698 36.743 35916 36.222 36.222
electric motor, k] /kg
Degree of compression 2.392 2.392 3.337 4.063 4.695 4.695
Intensity of compression in the compressor 6.426 6.426 5.301 5.28 4.647 4.647
Average temperature of the evaporator 23 245 23 175 9 95
(source), °C
Average temperature of the condenser 375 375 50 375 375 375
(receiver),°C
Evaporator and the condenoser difference 145 13 97 20 355 35
of temperature, °C
Coefficient of performance
(electric power), COP 4.884 4.884 4.029 4.013 3.532 3.532
Specific consumption of primary energy 0.539 0.539 0.653 0.656 0.745 0.745
Exergy Energy efficiency 0.196 0.77 0.383 0.053 0.017 0.017
40 emissions and also most efficiently uses all available
@ 35 At=35.5 At=35| energy resources, including renewable and secondary
E energy sources
E~ 30 At=27 ] — This project is a continuation of research on the
€2 s | design of the heat power complex on average seasonal
2 & At=20 temperatures. These researches were begun with our
S8 20 | collective in 2012.
8 15 A4S 4. ] The prospects of manufacture, sale and applications
;E: C of the developed thermal points are found in the field
g of construction and power supply These opportunities
o 54 | reveal a larger economy of organic fuel for heating and
electric energy on conditioning. Earlier we conducted
0 . .
| ’ 3 4 5 researches which showed that at the transformation
coefficient more than 6, the heat pumping plant will
Cascade

compete with gas coppers on operational expenses.

Fig. 3. Dependence of COP on the difference of temperatures of an

evaporator and the condenser

11. Discussion of results of research of the
multifunctional thermal point

In the article, the development of the multifunctional
thermal point on the basis of the cascade heat pump provid-
ing the development of thermal energy and cold for heating,
hot water supply, conditioning and ventilation is described.

— The advantage of our research is its complexity. As-
pects of the use of secondary and renewable energy resources
are described in detail. Complexity of the research allows to
evaluate authentically the possibilities of utilization of heat
energy and energy of cold. The drawback of the research is
that the thermal point was not tested on real object yet — in
the cottage.

— The conducted research will be useful to engineers in
the design of power systems for new energy efficient build-
ings. Such thermal points can be applied not only in south-
ern, but also in northern climatic areas. The thermal point
transforms low-potential energy and household thermal

In comparison with the existing installations of
heating and ventilation, our installation is capable to
utilize secondary energy sources. Our system has an op-
portunity to carry out ventilation of the building and as
shown in [7] the system with ventilation are less wide-
spread. But the main advantage of our thermal point in
multifunctionality is terminating. As a rule, the existing
systems are aimed at one of the tasks: heating, hot water
supply, conditioning or ventilation [8].

The drawback of the research is its applicability not to
all climatic conditions. The thermal point is developed for
the Midland of Russia and similar climatic conditions of
the European countries (The North of Germany, Poland,
Sweden, etc.). It cannot open completely the opportunities,
for example, in very northern regions of Russia or in the
northern countries.

Development of the project will consist in the complete
assembly of the multipurpose point in various modifications.
After assembly, it is necessary to make full-scale tests which
can yield various results. Perhaps, there is a threat of obtain-
ing low effectiveness of some clusters of the thermal point,
for example the knot of the fissile conditioning. In this case,
the consumer will need to use only passive conditioning.



12. Conclusions

1. In the article, the development of the thermal flows
utilization scheme for the standard consumer with the defi-
nition of excess warmth sources and points of its consump-
tion is described. The flows were used in cascades of a heat
pump for various purposes. Low-, medium- and high-poten-
tial sources of heat were analyzed, which can be disposed of,
converted into thermal energy for heating, air conditioning,
hot water supply and ventilation.

Heating power in the thermal point — to 20 kW, cooling
capacity of the air conditioning system — 16 kW, the power of
hot water supply — 10 kW. The ventilation system can work
both for heating, and for conditioning.

2. Methods of increase in power efficiency of the thermal
point were given in the article. The increase in the utilization
rate of primary fuel is achieved by utilizing waste heat from
sewage, exhaust air from a ventilation plant, as well as the
beneficial use of thermal and refrigeration energy as by-prod-
ucts of heating /conditioning. The coefficient of performance
for all circuits is in the range from 3.352 to 4.884. The choice
of pumps is carried out due to the results of the hydraulic
calculation of the contours. Thus, the results of thermal and
hydraulic calculations create values of the final design factor
of transformation of the entire multifunction thermal point.
Hydraulic calculations of thermal point cascades showed
that resistance is in the range from 12 to 171 kPa.

3. Internal sources of energy are cooled rooms, sewerage,
ventilation discharge. External sources are defined as solar
activity (three levels), geothermal energy (-5, —10 C), ener-
gy of air heat (-5, =25 °C).

4. Consumers of heat energy — heating system (20 kW),
hot water supply system (10 kW), ventilation system in win-
ter. Consumers of cold energy — air conditioning (16 kW)
and ventilation in summer.

Acknowledgments

The article was published with financial support by
the Ministry of Education and Science of the Russian
Federation within the framework of the Federal Tar-
get Program “Research and development in the priori-
ty directions of the scientific-technological complex of
Russia for 2014-2020" (No. 14.577.21.0228 Agreement
on “Development and experimental approbation of tech-
nical solutions for the creation of a multifunctional
heat point based on a cascade heat pump that provides
for the joint generation of thermal energy and cold
for heating, hot water, air conditioning and ventila-
tion by transforming low-potential energy and domestic
heat”. The unique identifier of the applied scientific re-
search and experimental developments (of the project) is
RFMEFI57716X0228).

References

1. Surplus thermal energy model of greenhouses and coefficient analysis for effective utilization / Yang S.-H., Son J.-E., Lee S.-D.,
Cho S.-I., Ashtiani-Araghi A., Rhee J.-Y. // Spanish Journal of Agricultural Research. 2016. Vol. 14, Issue 1. P. €0202. doi: 10.5424/

sjar/2016141-7517

2. Hossain M. F. In situ geothermal energy technology: an approach for building cleaner and greener environment // Journal of Eco-
logical Engineering. 2016. Vol. 17, Issue 1. P. 49-55. doi: 10.12911,/22998993,/61189

3. Fernandez F, Folgueras M., Suarez I. Study and Optimization of Design Parameters in Water Loop Heat Pump Systems for Office
Buildings in the Iberian Peninsula // Energies. 2017. Vol. 10, Issue 12. P. 1958. doi: 10.3390/en10121958

4. Energy and exergy analysis of heat pump using R744,/R32 refrigerant mixture / Wan, F, Fan X.-W,, Chen J., Lian Z.-W. // Thermal
Science. 2014. Vol. 18, Tssue 5. P. 1649—1654. doi: 10.2298 /tsci1405649w

5. Ground Source Heat Pump in Heating System with Electronics Monitoring / Ovidiu N., Marcel R., Codruta B., Marius C. // Jour-
nal of Electrical and Electronics Engineering. 2013. Vol. 6, Issue 2. P. 21-24.

6. Studying possibilities of seasonal cold for application in multifunctional heat supply units / Parshukov V. I., Efimov N. N,,
Papin V. V,, Bezuglov R. V,, Lagutin A. Y., Kopitsa V. V. // ARPN Journal of Engineering and Applied Sciences. 2018. Vol. 13,

Issue 7. P. 2623-2631.

7. Savings in Cooling Energy with a Thermal Management System for LED Lighting in Office Buildings / Ahn B.-L., Park J.-W,
Yoo S., Kim J., Leigh S.-B., Jang C.-Y. // Energies. 2015. Vol. 8, Issue 7. P. 6658—6671. doi: 10.3390/en8076658
8. Kovalev O. P. Features of the use of heat pumps in heating systems // Proceedings of the Far Eastern State Technical Fisheries

University. 2007. P. 35-42.

9. Volkov V. N,, Kozina L. N., Dzyuban A. M. Current use of heat pumps for heating buildings // NGIEI Journal Bulletin. 2015.

Issue 6 (49).

10. Efimov N. N,, Papin V. V,, Bezuglov R. V. Micro Energy Complex Based on Wet-SteamTurbine // Procedia Engineering. 2016.

Vol. 150. P. 324-329. doi: 10.1016/j.proeng.2016.07.022



