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Nowadays, Ukraine is experiencing a full-scale military invasion by Russia, which is
causing a large number of casualties among all segments of the population. Many Ukrainian
cities have suffered quite heavy damage to their infrastructure. According to Bloomberg,
companies from Austria, Germany and Turkey are already operating in Ukraine. An
expanding number of foreign companies are increasing their presence in Ukraine, relying
on Ukraine’s post-war investment and innovation potential. Ukraine’s post-war
development will take into account the latest energy-efficient, environmental, social and
economic trends in engineering and technology in various sectors. Considering the climatic
conditions in Ukraine, one of the priority areas of reconstruction is to restore heat in
buildings (both residential and non-residential) in winter and air conditioning in summer.
According to the International Energy Agency for Heating, the use of heat pumps in
various industries will continue to grow and should reach at least 75%. Such growth rates
in the use of heat pumps are due to a significant reduction in heating or air conditioning
costs, environmental safety, and their versatility in use. In this regard, the use of heat
pumps in the reconstruction and restoration of Ukrainian residential and non-residential
buildings has its advantages and is recommended by many scientists for use. In this
study, an application of heat pump originating from aqua-air in Is3san showroom existing
in Antalya and some experiments with R514 type heat pump devices existing in air
conditioning-cooling lab in Akdeniz University Technical Sciences Vocational High School
have been carried out. In both devices in variable conditions water discharge entering
into condenser on R514 type testing machine has been considered as 10—50 gr/h variable
and accordingly it is observed that the real heating factor of action differ 2.25—7.40
values. On the other hand, the heating factor of action in theoretical state have been
calculated and the correlation between them have been examined. Besides this, in LHK-
10 type heat pump originating from aqua-air in Antalya Issan Showroom and the
application is completed, temperature rating entering into condenser has been changed
between 16 and 32°C and the heating and cooling factor of action(for both theoretical and
real occasions) affecting the heat pump have been calculated. The experimental and the
practical results getting from two different places have been analyzed respectively.
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Introduction and statement of the problem

For the purpose of partially reduce the
disadvantages brought by the energy crisis that gained
importance world wide as well as in Turkey in this
century; it is necessary to develop and practically use
thermal systems that will reduce the thermal energy
to minimum level. Heat pumps can be shown as a
sample to this systems [1].

Analysis and research of publications

In the very simple expression, Heat Pumps are
thermodynamic systems that are transferring low
temperature from a resource to a resource with higher
temperature. Heat pumps are working on a base by
water, air or other fluids heating and ejaculating the
high temperature from the condenser. The main
purpose of this is to obtain hot water or air for heating,
drying and similar actions. Aqua-Air heat pumps means
a heat pump that is obtaining hot water by absorbing
the heat from the air. It is also possible to avail the
energy discharged by the heat pumps. However, it is
not always possible to use the heat pumps everywhere.
Especially regarded to the discharged heat energy,
taking in consideration the size in W, the temperature,
regaining ways, the cold environment where the heat
is absorbed from, constructive specifications, the
physical and chemical characteristics of the discharged
fluid, etc that will be used, it is necessary to do a
versatile analyze. Sometimes, heating pumps are the
best solution when both, heating and cooling required
places is requested. As an example to this, drying
plants, sporting complexes and places like food and
industrial plants where bi-directional applications are
used can be mentioned [2].

The interest in heat pumps increased after the
Energy crisis in year 1973, and in 1976 300.000
unites of heat pumps have been manufactured. Till
the end of 1978 the manufactured heat pump total
amount in America was more than 2.000.000 pieces.
25% of the buildings established after the year of
1978 have been planed and applied as to be heated
with the heating pumps. Nowadays in worlds developed
countries, like America, Canada, Germany,
Switzerland, etc., heat pumps are being used widely
in housing as well as industrial fields [3].

In Turkey, the activities about heating pumps
are rising rapidly and they can be summarized as
follows: Hepbasli (Hepbaiols) had explored the heat
pump activity and performance evaluating criteria’s
[4]. In a high efficiency of the application of a
geothermal source using ground originated high pump
study [5], the ground originated heat pump application
sample was applied to Therme Maris Health Central
Hotel located in Dalaman County, Mugla, the heating
process was done with using thermal water and floor

heated water by applying a geothermal source as the
low temperature. The source temperature was 27°C,
and it is determined that when the device output of
the water reaches the temperature of 42°C the heat
pump’s COP value is approximately 5.5—6.0.

Sen [6], in his study about the introduction and
application of heat pumps, has given sample applications
in Turkey trough examining the ground and water
sourced heat pumps horizontal laying, hybrid and
technical manners. Gunerhan [7], has placed his work
on ground heat exchanger designs in ground and water
resourced heat pumps and has made a detailed research
about the vertical heat exchangers sizing’s in the ground
sourced heating pumps.

Beroer [8], in his study about heat pumps and
energy regaining systems invilla air conditioning
systems, has analyzed the application of heat pumps
solar collectors (3 m?) established 2004 in Bornova
County, Izmir. A device of 8.1 kW cooling and 8.6
kW heating capacity for a villa’s heating, cooling,
ventilation, usable hot water, a whole systems main
components that will satisfy the need of heating the
pool water were analyzed.

Gungor [9], in his study about dryers with heat
pump, has especially pointed out that this is also a
potential technology for precious raw material and
product during process, especially for the ones that
must be dried out in controlled environment under
low heat.

Dogan [10], in his study about aqua and ground
sourced heat pumps, in order to realize how the flow
of an aqua sourced principled heat pump will transfer
the heat to ground based systems. For this he took in
consideration a household under conditions of Ankara,
an annual cooling and heating profile was developed
for annual energy consumption forecasting the
regarding

In his study about aqua soil heat pumps Dogan
[10], has investigated how to transfer and apply the
aqua resourced heat pumps operational principles to
soil resourced heat pump systems. For this study he
has established a yearly heating and cooling profile
for a housing regarding conditions from Ankara. It
has been also tried to forecast the Annual Energy
Consumption calculation by using the “Thousand
Method ”.

In another Dogan’s [11] study, he had worked
on heat pump application for heat recovery from
seawater to water and has also exanimate the conditions
and operational principles of heat pump system finished
in Antalya in 2005, knows as Turkey’s largest heat
pump system.

Oktay [12], has made a study on examination
of performance efficient factors in a heat pump
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supported dryer. For this study, a heat pump system
was added to convectional hot air entranced dryer
system. As a result of this study the effective parameters
that are affecting the systems yield were estimated.

In their studies about energy and exergy analyzes
solar sourced heat pumps Comakli and his friends
[13]; experimental measurements were done in
January, which is the coldest moth of the year in the
energy laboratory in Ataturk University in Erzurum.
As a result of this experiment, the heat pump and
system performance coefficient and its exerjetic yields
were estimated.

In this study experiments were based on R514
Type aqua-air heat pump devices current in Air
Conditioning Cooling Laboratory of Vocational
Technical Sciences High school of Akdeniz University
and in Isssan Showroom building in Antalya.

For both devices used in the experiments various
conditions were applied; for R514 experimental device
the water flow between 10—50 gr/sec trough the
condenser was taken as the variable. In this study the
variation of heat efficiency coefficient depending on
the water flow was tried to be determined.

On the other hand, in the experimental study
done with the LHK-10 type aqua-air soured heat
pump current in Isssan Showroom Building; the
variation of water temperature entering the condenser
between 16—32°C was taken as parameter, and
according to that the operatic and theoretical cooling
and heating effective coefficient were computed.

The aim of the article

The aim of this study is to use the Turkish
experience in the energy saving, analyze the both
experimental results with engineering methods and to
provide benefits in their practical use to applicants
and engineers in the restoration of the energy sector
of Ukraine.

Presentation of main material

Material — Method. The efficiency of the heat
pumps is showing big differences according to the
temperature of the external environments where the
energy is pumped. On the other hand the confort
conditions requested from people during the winter
and summer moths are remaining the same. It is
around +/— 24°C. The warm water temperature used
for shower/bath and similar application remain, s for
both summer and winter months, around 45°C. In
case that the heating necessity reaches the maximum,
this indicated that the exterior temperature has reached
the minimum [14].

In order that they are more functional with the
availability to be used in the traditional manner as
one device for cooling and heating purpose, providing
an important saving of energy consumption, their

compact structure, adjustability to high control
technology and other similar advantages the heat pumps
are widely used in the market in the past years.

As known I the II Law of Thermodynamics,
the heat transmission a colder heating source to a
hotter environment can only occur when the second
energy source energy is thermal or mechanic and
the transmission from the cold heat device to the
hot environment can occur in various ways.
Accordingly the heat pump types can be ranged as
follows: vapor pressed circular heat pump, absorption
heat pump, absorption heat pump, gas circular heat
pump, jet steam circular heat pump, Stirling
circulated heat pump, resorption heat pump,
Rankine/vapor pressed circular heat pump and
Thermo electrical heat pump.

Thermodynamically Heat pumps. Although
Carnot cycle is nonexisted it is a totally reversible
cycle. Therefore it is used in the comparison of
power cycles. Carnot cycle is, in given temperature
range the highest heating exothermic cycle. It is
also possible that change of states in Carnot cycle,
the heat and working transaction reverse. This
I called the reversed Carnot cycle. Heat pump and
cooling machines are working according to the reverse
Carnot cycle [15].

In heat pumps, the cooler heat is taken and this
mentioned heat is by the refrigerant fluid transmitted
to heat source, transformed to elevated temperature.
As refrigerant in vapor pressed circular liquid steam is
used. A heat pump is consisted of four main parts:
1 — Evaporator, 2 — Condenser, 3 — Expansion
valve, 4 — Compressor.

The Fig. 1 presents schematically the heat pumps
cycle.

Different sourced Heat Pumps. The low energy
in heat pumps is obtained free of charge from different
natural resources. During obtaining this energy neither
the source temperature changed nor negative effects
are added to the environmental conditions. The
application can be grouped as follows [17].

In heat pup systems the environment that the
evaporator is absorbing the energy is called the heat
source. For using this energy source, which is very
important for the heat pump, efficient in the system
depends on the below mentioned conditions:

— to posses high resolute hat during the heating
season;

— to be easy to find;

— not to have corrosive and pollutant effects;

— to have appropriate thermo physical
characteristics;

— to have low investment cost for reaching the
source.
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Fig. 1. A heat pump cycle based on typical and temperature variation. Work item R134a, Air 7°C / Water 50°C [16; 20]

The sources used for heat pups can be ranged as
follows [15]:

a — ambient air: As it is the easiest and most
economical, air is the most used heating source. The
air sourced heat pumps annual coefficient of
performance, is lower than in the ground sourced
heat pumps around 10 — 30 %. Nowadays these losses
are minimized by the application of variable capacity
control compressors;

b — ground (soil): the reasons why ground sourced
system are used are, the continental climate, where
considering to the air temperature the soil temperature
in not varying during the year and the usable
temperature range that can be used during the winter.
The disadvantages ground sourced heat pumps are
factors like the current ground field, the ground
compound, the density, the contained humidity
amount and the pipes application depth;

¢ — surface waters: Sea, lake, pound, etc are used
for this systems. Although the water of seas and lakes
are altering during the seasons, in proportion to the air
those differences are not so remarkable. For river and

lake water sourced heat pumps it is necessary that the
water depth is not less than 2m and that the where the
settled capacity surface field is minimum 80 m?;

d — subsurface waters: The temperature variety
during the year is very low. The pumps use for
transferring the water are presenting additional energy
requirement. Burring the heat transformers
underground cab cause corrosion and will increase
the costs;

e — exhaust air: this is an important hear source
for housing and commercial buildings. The heat pump
is using the absorbed heat from the air conditioning
to heat water and location. The exhaust air operated
heat pumps, provide heating the ambient by regaining
the used air heat;

f — effluent fluids: effluent water, treated and
raw sewage waters, industrial effluent liquids, industrial
engine/compressor coolants and condensates from
coolant devices are typical examples for this kind of
heat sources.

The Thermodynamically Comparison of Power
Machines and Heating Pumps.
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Fig. 2. The Carnot cycles of a powe machine and heat pump [2]

As it can be seen n the Fig. 2 the Carnot cycle
in te power machines are:

Qc: is given heat (evaporation), W: is received
energy (Exergy), Qqc: is anenergia.

Qc=W+Qqc.

As is known the usable part of energy is the

Exergy. The non usable energy is named as anenergia.
Regarding to this, the relation between Exergy and
anenergia can be shown as:

Energy=Exergy+anenergia (D
Along the cycle:
T-T, T
= = 1 — _0 ,
L @)

with this expression the Carnot efficiency is
determined.

Also W=Qc:mc

In case of heat pumps it is like:
Exhaust heat=Given energy+received energy (3)
Heat Effect Coefficient HEC (1EK) is like [2]:

k=T

W T-T,

The experimental pump used in this study is a
direct expansion pump, therefore it s possible to draw
an InP—h diagram as shown below on Fig. 3.

T
R
AN
Py 3 3,—/ )2‘ ’:2 2
: .
A i L
Pemn / : 3
/T Py
/
:h
h: a4 h3,4 h, hl‘ h;

Fig. 3. The InP—h diagram (presenting a single-stage systems with and without heat exchanger)

Reversible Carnot cooling cycle consist from

two constant temperature and their operational
procedure, total four thermodynamic operation (Fig. 3).
In the diagram the 1—2—3—4 operations are

the Compressor;

2—3: the constant pressure and temperature
compression in the Condenser;
3—4: the isentropic extension of the Extension

reversible. The Carnot cycle, is not reversible to  Valve;

1'—2'—3—4" thermodynamic operations and shows
the Carnot cycle. It is:
1—2: the adiabatic isentropic compression in

4—1: the extension f the evaporator under

constant pressure and teperture.

The 1—2 and 3—4 thermodynamic activities are

Strategic expediency of using an innovative product in the restoration of the energy sector:

the experience of Turkey



168

ISSN 2415-3974. Exonomiunuil eicnux Jlepicasnoeo euuj0e0 Hag4anbHo2o 3aKaaiy

“Ykpaincokutl oepicasruil Ximiko-mexnonoeiunui ynieepcumem”, 2024, Ne 1, C. 163-176

based on transaction basis.

1—2: it is presenting the operation done over
the working fluid with W, operation out of system
borders;

3—4: it is presenting the over border systems
transferable operation in reversible and non reversible
systems.

To prevent the fluid from the intake line to run
into the compressor during the application the system
is changed into heat exchanger. The heat exchanger
transforms the coolant liquid at the entrance of the
compressor by overheating first into the steam faze,
than the fluid at the exit condenser by overcooling
into overcooled and liquid faze [17].

In the reversible Carnot cycle, the entrance of
the saturated vapor phase liquid into the compressor
under constant pressure is considered as the 1 point,
after compression with adiabatic constant entropy the
transfer from the compressor to the condenser as the
2 point, the transformation under constant pressure
in the condenser from superheated steam into saturated
steam phase still as the 2 point and entering the
extension valve in the phase of saturated liquid as the
3 point, after extending in the adiabatic entropy, the

transfer from the extension valve to the evaporator as
the 4 point, by absorbing heat under constant pressure
in the evaporator the transformation to the saturated
vapor and entrance to the compressor as the 1 point.
If the mass flow of the coolant fluid in the system is
chosen as m=kg/h and the enthalpy as kJ/h than the
capacity evaluation can be calculated with the below
mentioned equations:

W=m,(h,—h,) (Compressor’s compression activity)
(kJ/h); (4)

Qc=m,(h,—h;,) (Condenser condensation capacity)

(kJ/h); (5)

Q,=m,(h,—h,) (cooling load) (kJ/h). (6)

Experiment Performing and Interpreting the
Findings. Experimental Study carried out in the
University Laboratory (Group I: GI). Photographs
from a R514 aqua/air mechanical heat pump current
in Air-conditioning — Cooling Laboratory, Technical
Sciences Vocational High School, Mediterranean
University are shown on Fig. 4 (a) and (b), Fig. 5.

(a)

(b)

Fig. 4. Heat pump belonging to a Laboratory device (a): general view, (b): coactionel, condenser with pipes and water

GI Experimental Device’s Specifications. GI
experimental heat pump device consists from: 1 piece
of 1/3 HP hermetic type compressor, 1 piece of
1/3 type air cooler evaporator, 1 piece of water
condenser with interpenetrated (coaxsionel) pipes, 1
piece of R134 gas measuring flow meter, 1 piece of
rout meter type flow meter which is measuring the
water flow (kg/sec) circulated in the condenser, 1
piece of annular balanced thermostatic extension valve,
1 piece of filter (dryer), 1 piece of pressure manometers
showing low and high pressures, 1 piece of pressure

automatic and 1 piece of condenser fan from power
of 40W. Also one Wattmeter (it is measuring the
system’s total consumption of electrical energy as
(Watt/sec), 8 pieces of temperature measuring sensors
(trough this sensors the results of measurements are
transferred to the Regulator switch indicator), one of
each, water input and water output (drainage) lines
are existing. In order not to be effected by the ambient
conditions the temperature measuring sensors were
isolated with polyurethane material during the 8 digital
temperature measurements [18, 19].
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Fig. 5. Exploded view of the Mechanical heat pup device used in experiment of GI [18]

The temperature points taken from the GI device
were respectively as follows; the coolant fluid’s
compressor input (incoming) temperature (t;), the
coolant fluid’s compressor output (outgoing) temperature
(t,), the condenser condensation temperature (t,,), the
coolant fluid’s condenser output (outgoing) temperature
(t;), the coolant fluid’s evaporator input (incoming)
temperature (t,), the coolant fluid’s evaporation
temperature in the evaporator (t,,), the water input
(incoming) temperature into the condenser (t;), the

water output (outgoing) temperature from the condenser
(ts), and the ambient temperature (t;).

During the estimation, the air/aqua heat pump
was activated and operated idle without load for one
hour time. Later on for evaluation the elapsed periods
for the determined load taken from the Wattmeter
(each 0.5 kW from the total consumed electrical
energy) were estimated with a chronometer. R134a
was used as the coolant fluid. The estimation results
are shown in the Table 1, Fig. 6—7 mentioned below.

Table 1
GI Experiments and evaluation results of the heat pump
Evaluation Parameters k: . N . = . i . e . G .
Evaluation | Evaluation | Evaluation | Evaluation | Evaluation | Evaluation

mg, (gr/sec) 50 40 30 20 10 4
m, (134 a gas, gr/sec) 6 6 6 6 6 7
P, (High-pressure side, bar) 6 6.45 7 7.9 10.8 13.9
P. (Low-pressure side, bar) 2.75 2.92 3 3.18 3.22 3.40
ty (Condenser condensation temp. °C) 28 30 32 34 43 55
te, (Evaporator evaporation temp., °C) 6 7 8 9 9 11
t, (Compressor income temp., °C) 16.6 13 10 7.5 8.5 9.6
Overheating (°C) -10,6 -6 -2 1,5 0,5 1,4
t, (Compressor outcome temp., °C) 51.6 54.1 52.9 53.4 57.3 61.8
t; (Condenser outcome temp., °C) 23.3 24.6 22.7 32.3 42.2 54
t, (Evaporator income temp., °C) 8.9 9.6 10.8 114 12.0 13.1
ts (Mains water income temp., 'C) 18.6 18.7 19.1 193 20.3 22.6
te (Condenser/evap. water outcome temp., 0C) 243 26 29.2 343 453 55.1
t; (Ambient Temperature, °C) 20 20 20 20 20 20
Device’s operating time (min) (for 0,5 kW/h) 10.10 9.56 9.28 9.02 8.06 6.42
Qk:mquCpsu X(tS—tG)
(Kondenserden suya verilen 11 W) 1191.3 1220.5 1266.5 1254 1045 543.4
We=m, %(ho-hy)
(The action shared on Working fluid, W) 150 12 20 4 24l 241
IEK,=Q,/Wel (real heat effect coefficient ) 7.4 6.3 52 5.18 4.35 2.25
IEK,=T\,/(T\y~Ty)
(theoretiéyal héat effect coefficient) 12:68 1317 127 12.28 22 i
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Fig. 7. The effect of the variable water flow to IEK in GI (IEK,= real heating effect coefficient, IEK,=Theoretical heating
effect coefficient)

The experimental Activities in Antalya Isisan floor an one normal floor. The ground floor has a
Showroom Building (Group II: GII). clerestory. This buildings heating — cooling activities
The Characteristics of the Isasan Showroom are fulfilled with an Aqua / air heat pump with
Building in Antalya. The Isisan Company showroom  additional Water VRV system (Fig. 8). For this one
building in Antalya consists of a basement, ground  external unite from 10 BG power and in accordance
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to the gaining heat and losses calculation 8 system
connected internal unites with appropriate volumes
were placed. Three internal unites of 36000 BTU,
48000 BTU and 60000 BTU were placed in the same
location where de current heat pump is placed.

GII Experiment Device Specifications. The
specifications of the Buderus Logavent LHK Type
10 aqua/air hat pump current in Antalya Isasan
Showroom are as follows. The Isisan Buderus brand
named LHK type 10 air/aqua sourced heat pump is
using underground ater and for its use a 60 m deep
artesian water well is opened for this building. The
pump flow of the used artesian water is 5 m3/h and as

heat pump coolant fluid a R-410A type fluid is ussed.
The air serpentine is 3 in — a — line with a surface of
0.325 m2. 3/8” diameter copper pipes are used in the
serpentine. The water circuit exchanger has a coaxional
type condenser. The here used fan dimensions are
22.9x17.8 cm. the compressor used in the cooling/
heating circuit is a piston type and its operation pressure
is 4137 kPa (Fig. 9). The operation values of this
heat pump are as follows: capacity for cooling
0.44 kW, the capacity value for the heat pump heating
is 9.89 kW (Table 2, Fig. 10—11). Cooling effect
coefficient is SEK=5.10, and the heating effect
coefficient is estimated as IEK=3.82 [21].

Fig. 8. The Isisan showroom building, the general view of the heat pump and the measuring panel
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Fig. 9. The cycle scheme from LHK type 10 the aqua / water heat pump in Isasan Showroom in Antalya city
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GII aqua / water pump evaluation results

Table 2

Evaluation Parameters

The values taken when
the device is operating

The values taken when the
device is operating

(heating) (cooling)

Numbers of Evaluation 1.LE | 2E | 3E |4E| 1.E | 2E | 3.E | 4E
Pe (evaporator pressure, bar) 9.6 |10.8 [ 11.5 [11.7] 81 | 7.8 | 7.9 9
Pk (Condenser pressure, bar) 204 | 21.5 | 242 (27.8| 24 | 251 | 26 |272
ts (Pe equal evaporation temperature, °C) 6 8 12 |13 1 0 0 4
ty (Pk equal condensation temperture, ‘D 33 36 40 | 46 | 40 41 43 45
m, (410A gas, gr/sec) 400 | 400 | 400 [400| 400 | 400 | 400 | 400
t, (compressor income temperature, "C) 16 | 16.7 | 17.2 |19.1] 85 | 9.2 | 9.7 | 99
t, (compressor outgoing temperature, "C) 41.8 | 41.7 | 42 |41.6| 62.7 | 62.8 | 62.9 | 62
t; (condenser outgoing temperature, °C) 329 | 33 |32.8 (332 11.2 | 10.7 | 11.1 | 12
ts (mains water income temperature, "C) 16 | 21 27 |32 16 | 21 27 | 32
ts (condenser/evap. Water output temp., °C) 32.8 | 31.1 | 30.6 |30.9| 12 | 16.2 | 23.1 | 25.1
t; (ambient temperture, °C) 20 |20.7 | 204 |21.1|] 20 |20.3 | 204 | 20.6
my, (the circulated water flow in cond./evap., m>/h) 25 | 25 | 25 (28] 25 | 25 | 25 | 25
Absorbed air (°C) 29.9 | 30 | 30.1 (30.5|24.7 | 26.7 | 27.9 | 28.9
Blower air (°C) 41 | 408 | 414 |41.6| 9.8 | 10.1 | 12.5] 11.9
Q=m,Cpu(ts_ts) (the heat given to water by the condenser, W) |37182(29317| 9005 [3195| - - - -
Q.=m,Cp,,(ts_t (the heat given to the water by evaporator, W) - - - — [11619(13943|11328|20043
W=m,(h,-h,) (the action shared on Working fluid, W) 8800 | 6800 | 7200 (8000{12000]|14000]|12000]|12800
IEK,=Q\/Wel (Heating effect coefficient) 42 | 43 | 1.251(0.39] - - - -
IEK = Tiy/(Tiy~Ts) 11.33|11.03|11.17|9.66| — - - -
SEK=Q./W, (Cooling effect coefficient) — - - — 10961099 1.05] 1.56
SEK=Tv/(Tiy—Ts) — — - | = [7.02]6.65]|634]6.75

—e—|EKg —— |[EKt =——Polinom (IEKg) = Polinom (IEKt) ‘

Sebeke Suyu Sicakhg: (°C)

12 =
10 4 Y = -0.3025x% + 1.0256% + 10,507 ~—————v_
g . R? = 0.8766
i
T4 -— o Y =-0.24X-0.248x+ 4.955
) ’=0.8826
0
16 21 27 32

Fig. 10. The effect of variable mains water income temperature on heating effect coefficient
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R?=0,9079

SEK

y = 0,195x%- 1,087x + 7,

—s  SEKt

y =0,12x2- 0,414x + 1,275
R?=0,9632
SEKg

—

16 21

27 32

°C

Fig. 11. Effect of variable mains water income temperature on cooling effect coefficient

Output measures of the aqua — air heat pump
experiment in Vocational Technical Sciences High
school of Akdeniz University in Antalya. According
to the output measures applied to Group I (GI) in
R514 type heat pumps; after 6 measurements done
during the heating process of this experimental device
the following results have been reached:

It is found out that as the water flow decreases,
the high and low pressure, the condensation
temperature in the condenser, evaporator evaporation
temperature, the compressors’ gas outflow temperature
increases. The W, value has increased in the first
three measurements, while in the following ones it
has decreased.

The gained effective heating coefficient estimated
by theoretical calculation (IEK); it is shown that the
Theoretic effective heating coefficient (IEK,) is higher
than the reel effective heating coefficient (IEK’,)
(according to the measurements done in GI).

This study has shown that only with the heat
calculation assessment real results can not be reached.

It we take a look to the Effective heat Coefficient
regarding the flow (IEK), the below mentioned
correlations were developed for this study in accordance
to the experimental results in theoretically and reel
conditions.

IEK, =—0.2987 m?+3.3258 m+4.319, (R?>=0.97).

IEK, =—0.07 m?+1.3934 m+1.298, (R>=0.937).

Conclusions

The Result evaluation from the aqua / air heat
pump in Isasan Showroom in Antalya City.

According to the evaluation results of LHK type
10 aqua / air sourced heat pump: in the four evaluating
results of the device when the device is operating in
the heating condition it is found out that the constant
and variable water flow income temperature, low and
high pressure, compressor gas entrance temperature is
increasing while the heating effect coefficient with Q,
is decreasing. 1EK,=—0.3025T%+1.0255T+10.502,
R?=0.88, IEK,=—0.24T>—0.248T+4.955, R?=0.88.

When the results were analyzed it is found out
that as the mains water entrance temperature increased
the IEK (as real and theoretically) decreased. Variable
water incoming temperature, low and high pressure
values, the increase of the compressor entrance and
despite the shown decrease of the cooling effect
coefficient from a specific temperature to a lower one,
we have accepted this as a situation caused from the
operation environment. Form this point of view, it is
appointed that the temperature is showing in general
an increasing tendency and this is shown with the
below mentioned relation:

SEK=0.195T>—1.087T+7.945, R>=0.91;
SEK,=0.12T>—0.414T+1.275, R?=0.96.

Also another comparison for an air/aqua and
aqua/air heat pump has been done as follows. The

Strategic expediency of using an innovative product in the restoration of the energy sector:

the experience of Turkey



174

ISSN 2415-3974. Exonomiunuil eicnux Jlepicasnoeo euuj0e0 Hag4anbHo2o 3aKaaiy

“Ykpaincokutl oepicasruil Ximiko-mexnonoeiunui ynieepcumem”, 2024, Ne 1, C. 163-176

value IEK, value from A R514 type m=1.39 gr/sec
heat pumps aqua/air pump devices IEK 16°C
temperature is.

Despite the result out come as 3.099 by using
the formula IEK,=—0.07m?+1.3934 m+1.298 for
calculation, as it can be seen from the Sheet No: 2,
the IEK, value under the 16°C water entrance, for the
GII aqua to air application device is shown as 4.14.
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CTPATEITYHA TONUIBHICTD BUKOPUCTAHHA
IHHOBALUIMHOT'O IMPOAYKTY B BIZHOBJIEHHI
EHEPTETUYHOI TATY3I: JOCBIJ TYPEYYHNHUN

Oxyan Kemanv, Yynpuna Hamaain, Yepnumesa Oaena

Ha cvoeodniwniii denv 6 Ykpaini 6i00ysaemovcs noeHO-
macumabHe 80€HHe 8MOpeHeHHs 3 60Ky pocii, sike npu3golums
do eenukoi Kinbkocmi xcepme ceped ycix eepcm Hacenenus. ba-
2amo YKpaiHCoKux Micm 3a3Haiu 0ocumo cepio3Hux empam ceoei
ingppacmpyxmypu. Jleski micma Ykpainu nompe6yroms n08HO20
6I0HOBACHHS nicAs 3aKiH4eHHs @iinu. Boce 3apas, nosidomase
Bloomberg, 6 Ykpaini npauroromes nionpuemcmea 3 Aecmpii,
Himeuuunu ma Typewuunu. Bce binvuia Kinbkicmo iHO3eMHUX KOM-
nawitl 36invuwyroms ceoio npucymuicms @ Yipaini, po3paxoeyiouu
Ha NiCASIBOCHHUL [H8eCMUYIUHO — [HHOBAUILIHUL nomeHyiar Y-
painu. Ilicaseoenna poszdydosa Ykpainu Oyde giodysamucs 3 ypa-
XYBAHHAM OCMAHHIX eHepeoepeKmusHUX, eKOA0IMHUX, COUianb-
HUX MA eKOHOMIYHUX MeHOeHUIl 6 MexHiyl ma mexHoa02ii pi3Hux
eanysei. 3 ypaxyeamuam KAIMAmu4Hux ymos 6 Ykpainu, oOHum 3
npiopumemHux HanpsamKie eid0y0oeu € iOHO6ACHHS menad & 3u-
Mmoeuti nepiod 6 OYOUHKAX (K JHCUMA08020, MAK | HENCUMA08020
NPU3HAYEHHSs), a 6 AIMHIU nepiod 30[UCHeHHs KOHOUUIOHYEAHHS
nosimps. 3a danumu Mixcnapoonoeo Enepeemuunoco Aeenm-
cmea onanemHs, eapsave 8000NOCMAHAHHA, KOHOUUIOHYBAHHS 3a
DAXYHOK 3aCMOCYBAHHS MENA08UX HACOCI8 6 PI3HUX 2any3sx Oyde
3pocmamu, ma mae docsemu He menuie 75%. Taxi memnu 3po-
CMAHHA BUKOPUCMAHHA MENA08UX HACOCI8 3YMOBAEHI 3HAYHUM
SHUICEHHIO 8UMPAM NPU ONAACHHI YU KOHOUUIHOBAHHI, eK0a02iY-
HOI Oe3neKoro, yHigepcaavbHicmo 6 ix eukopucmatmi. B 36’a3ky 3
UUM BUKOPUCMAHHS MENA08UX HACOCI8 8 PeKOHCMPYKUII ma 8i0H06-
AeHHI YKPATHCbK020 HCUMA08020 MA HEHCUMA08020 (POHOY Mae
cB0i nepeeacu ma pexomendogana GazamomMa HAYKOGUAMU 04
3acmocysanna. Y cmammi po3zensiHymo 3acmocy8aHHs menao-
6020 HACOCY, WO NPAUIOE HA BOOHO-NOBIMPAHOMY Cepedosuuyi y
sucmaesxosomy 3ani Isisan ¢ Awmanii, a maxodc OesiKi excnepu-
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MeHmu 3 menaogumu Hacocamu muny R514 'y aabopamopii koH-
OULIOHYBAHHA-0XO0N00MNCEHHS. 6 NPOPECiliHO-MEXHIYHOMY YUUAUULT
AKdeHizcvbk0e0 yHigepcumemy mexiyHux Hayk. B o6ox npucmpo-
AX Y 3MIHHUX YM08AX eumpama 600U, W0 HAOX00Ums y KOHOeH-
camop Ha eunpobysanvhii mawuni muny R514, poszeasdanacsa sk
sminna 6 mexcax 10-50 ep/200 i, 6idnosioHo, cnocmepizanocs,
wo peanvHull Koegiyichm mensomu 0ii 8iopizHaecs Ha 2,25-7,4
geauyunu. 3 iHwo2o 00Ky, 6y10 po3paxoeano Menaosull Ko-
egiyichm Oii 6 meopemuyHOMy cMaHi [ 00CAIONCEHO KOPeAsyito
mixe Humu. Kpim moeo, ¢ mennogomy nacoci muny LHK-10, wo
npayloe Ha 600HO-NOGIMPAHOMY CepedosuUli 8 OeMOHCMPAYIlIHO-
My 3ani Isisan 6 Anmanii, 3acmocysanhs K020 3aeepuieHo, 0y10
3MIHEHO HOMIHAAbHY MeMNnepamypy Ha 6xo00i 8 KOHOCHCamop Mixc
16 i 32 °C, a makooc po3paxoeano KoegiyieHm Hazpigy ma 0xo-
N00XCeH s (K 051 MeopemuyHUX, makK [ 015 peanbHux eunaodkis),
wo enauearoms Ha pobomy mennogozo Hacoca. Ilpoananizoeéano
eKCnepuUMeHmanbHi ma npaKmu4Hi pesyabmamu, Ompumani 3 060X
PizHUX Micyb, ma 006e0eH0 OOUINbHICMb BUKOPUCMAHHS Menio-
BUX HACOCI@ Y KAIMAMUYHUX YMOBAX YKpainu.

Keywords: ekoHOMiuHe OOIpyHTYBaHHS, iHBECTMLII,
eHeproeeKTUBHICTh, €HEpreTUYHa Kpu3a, MOJEpHi3allis,
MmiCc/IsIBOEHHA BigOymoBa.
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Nowadays, Ukraine is experiencing a full-scale military
invasion by Russia, which is causing a large number of casualties
among all segments of the population. Many Ukrainian cities have
suffered quite heavy damage to their infrastructure. According to
Bloomberg, companies from Austria, Germany and Turkey are
already operating in Ukraine. An expanding number of foreign
companies are increasing their presence in Ukraine, relying on
Ukraine’s post-war investment and innovation potential. Ukraine’s
post-war development will take into account the latest energy-
efficient, environmental, social and economic trends in engineering
and technology in various sectors. Considering the climatic conditions
in Ukraine, one of the priority areas of reconstruction is to restore
heat in buildings (both residential and non-residential) in winter
and air conditioning in summer. According to the International
Energy Agency for Heating, the use of heat pumps in various
industries will continue to grow and should reach at least 75%.
Such growth rates in the use of heat pumps are due to a significant
reduction in heating or air conditioning costs, environmental safety,
and their versatility in use. In this regard, the use of heat pumps in
the reconstruction and restoration of Ukrainian residential and
non-residential buildings has its advantages and is recommended
by many scientists for use. In this study, an application of heat
pump originating from aqua-air in Isasan showroom existing in
Antalya and some experiments with R514 type heat pump devices
existing in air conditioning-cooling lab in Akdeniz University

Technical Sciences Vocational High School have been carried
out. In both devices in variable conditions water discharge entering
into condenser on R514 type testing machine has been considered
as 10-50 gr/h variable and accordingly it is observed that the real
heating factor of action differ 2,25-7,4 values. On the other hand,
the heating factor of action in theoretical state have been calculated
and the correlation between them have been examined. Besides
this, in LHK-10 type heat pump originating from aqua-air in
Antalya Issan Showroom and the application is completed,
temperature rating entering into condenser has been changed
between 16 and 32 °C and the heating and cooling factor of
action(for both theoretical and real occasions) affecting the heat
pump have been calculated. The experimental and the practical
results getting from two different places have been analyzed
respectively.

Keywords: economic substantiation, investment, energy
efficiency, energy crisis, modernization, post-war reconstruction.
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