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Abstract. This article is devoted to studying of decentralized supply-exhaust ventilation systems
(DSEVS) with heat recovery, which are an important element for ensuring energy-efficient air
exchange in modern hermetic buildings. The problems of natural ventilation, which in modern
conditions cannot provide an adequate level of air exchange without heat loss, especially in winter and
summer, have been studied, and the effectiveness of mechanical ventilation systems has been
substantiated. A comparison of centralized and decentralized systems is made, highlighting the
advantages of decentralized systems in terms of ease of installation, space saving and the possibility of
installation in already renovated premises. In the work, three samples of DSEVS equipped with copper
heat exchangers, which provide high heat transfer, were analysed. The main goal of the study was to
identify the strengths and weaknesses of the existing devices and develop recommendations for their
improvement, taking into account the climatic features of the regions of Ukraine and Europe.

On the basis of the conducted research, the results of the efficiency of each of the systems, which
are sufficiently close to each other, were obtained. This, accordingly, was expected, since the heat
exchangers of these systems are made of the same material — copper. During the tests, the need for
better tightness of each of the systems was determined, which can improve the results of their
efficiency in the future. At the same time, the results of these studies may vary depending on the
determination of the real air consumption of each of the devices, as well as the mass balance of the
supply and exhaust air flows, which may differ.

The study confirms the effectiveness of countercurrent systems working on simultaneous inflow
and extraction as optimal solutions for maintaining a comfortable and energy-efficient microclimate.
The obtained results can be directed to the optimization of the design of the DSEVS and the possibility
of operation of such systems in combination with natural or other mechanical ventilation systems.
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Introduction. Today, people spend a significant amount of time indoors, so indoor air quality
has a significant impact on their health. However, this indicator has deteriorated over the past
twenty years. The main reason for this is the growing demand for energy conservation and energy
efficiency, which has made buildings much more airtight. As a result, natural air exchange is no
longer sufficient to ensure optimal ventilation. This has increased the urgency of developing energy-
efficient supply and exhaust ventilation systems for buildings. One of the possible solutions is the
creation and implementation of decentralized supply and exhaust ventilation systems (DSEVS)
using recuperative or regenerative heat exchangers.

Therefore, testing existing decentralized ventilation devices, identifying their strengths and
weaknesses, and developing recommendations for the production of a new energy-saving
regenerative heat exchanger, taking into account the climatic conditions of the regions of Ukraine
and Europe, is an important and urgent task, since such devices play a key role in ensuring the
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energy efficiency of buildings and improving air quality in the modern environment.

The relevance of this study is due to the advantages of decentralized ventilation systems,
which allow to effectively solve the issues of air exchange in the conditions of modern construction
and operation of buildings [1-3]. The main advantages are their relatively low cost, which makes
such systems more affordable compared to centralized installations. In addition, the compactness of
decentralized systems minimizes the required space for their installation, as they do not require the
use of air ducts, grilles, and other shaped elements of the air duct network. Another important
advantage is the ability to install in buildings that have already been renovated, as such systems do
not require significant changes in the construction or design of the premises. Thus, decentralized
ventilation systems are one of the options for providing ventilation of premises [4, 5].

Analysis of recent research and publications. The analysis of recent publications covers
various aspects of the use of decentralized ventilation systems, research on their efficiency and
comparison with other types of ventilation systems, for example, by pressure generation method,
purpose, design, etc. Particular attention is paid to the efficiency index, which provides an accurate
analysis of energy efficiency.

Natural ventilation ensures air exchange due to natural physical processes - the difference in
temperature and pressure inside and outside the building. However, its efficiency varies significantly
depending on the season. In summer, when the temperature difference between the room and the
outside environment is minimal, air exchange is significantly reduced, which often leads to a decrease
in the required air exchange. In winter, on the contrary, a sharp temperature difference increases the
intensity of ventilation, which leads to excessive heat loss and increased heating costs [6].

Fluctuations in the efficiency of natural ventilation create an additional burden on other
ventilation systems, especially in sealed spaces that require stable air exchange to maintain a
healthy microclimate. In such conditions, natural ventilation is not able to provide an adequate level
of air quality control, especially in modern buildings with a high level of energy efficiency [7, 8].

These disadvantages make mechanical ventilation systems, especially decentralized ones, a
more effective solution, as they provide stable and controlled air exchange regardless of external
conditions, maintaining both comfort and energy efficiency of the room.

There are two main types of mechanical ventilation systems: centralized and decentralized.
Centralized ventilation systems are complex and multi-component engineering solutions. Their
installation takes considerable time and requires many additional elements, such as air ducts,
deflectors, grilles, adapters, cabling and wiring products, and fasteners, which significantly increases
the total cost of the project and installation work [9, 10]. Since air ducts accumulate dust over time,
their maintenance is quite laborious and requires regular intervention to ensure cleanliness and proper
operation. In residential premises, centralized ventilation ducts are usually installed in ceiling
structures, which often leads to the need for repair work after their installation and lowering of the
ceiling structure. In case of a ventilation unit breakdown, a specialist is required to disconnect the
ventilation system from the air ducts, which creates additional costs for the user.

In today's built environment, most newly constructed or modernized buildings are equipped with a
full or partial mechanical ventilation system, ranging from hybrid options and full supply and exhaust
systems to localized, customized ventilation solutions. Ventilation systems are key to maintaining proper
indoor air quality and energy efficiency in buildings. Modern design approaches, especially in
developed countries, rely heavily on mechanical ventilation systems to improve indoor air quality while
minimizing energy losses. In well-insulated buildings located in temperate regions, such as Europe or
Ukraine, the combination of infiltration and ventilation can account for about 50% of total heat loss.
Studies [11] have shown that the implementation of energy-efficient measures, such as heat recovery
systems, increased insulation, and optimized operating modes, can reduce energy consumption by about
50% for both heating and cooling. These measures not only contribute to energy saving, but also meet
the increased demand for thermal comfort, which is important in the modernization and reconstruction
of buildings. Thus, mechanical ventilation systems with heat recovery are one of the key strategies for
optimizing energy consumption and ensuring high quality of the indoor environment, especially in well-
insulated buildings where heat loss through natural ventilation is a significant problem [12-14].
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The most efficient among mechanical ventilation systems are counterflow type of DSEVSs,
which are equipped with two fans and provide simultaneous air supply and exhaust (Fig. 1). Such a
design allows achieving a high level of energy efficiency, since the supply air is heated or cooled by
the exhaust air, minimizing heat loss, and, at the same time, has a stable efficiency compared to
reverse-type systems. The systems discussed in this article are equipped with heat exchangers made
of the same material — copper.

a)

Fig. 1. DSEVS of a countercurrent type:

a— schematic diagram of the countercurrent type of the DSEVS based on the Prana-150 Standard
construction; b — the principle of operation of the countercurrent type of the Vents Breeze 160-E
Smart; 1 — heat exchanger; 2 — fans; 3 — air inflow and exhaust grille from the room;

4 — air exhaust and inflow grille from the outside

Purpose and objectives. The purpose of this work is to improve the design of decentralized
ventilation systems by preliminary analysis based on research on the efficiency of existing
decentralized ventilation devices, to identify the strengths and weaknesses of the presented systems,
to create recommendations for manufacturers of these systems, considering the climatic conditions
of the regions of Ukraine, and to determine the direction of further research.

Materials and methods of the study. The tests were carried out on a test bench (Fig. 2),
consisting of two separate rooms separated by a partition, in which different microclimate
parameters are maintained. The study was carried out for three samples of DSEVS: Prana-150
Standard, Klimatronic 160 Basic, and Vents Breezy 160-E Smart (Fig. 3-5), which contained all
components and were installed according to the manufacturer's passports and instructions [15-17].

The mass flow rates were measured simultaneously in steady-state conditions. The studies were
conducted at a voltage of 230 V, which was maintained by voltage stabilizers throughout the experiment.

“Warm chamber Cold chamber

:
I

Fig. 2. Schematic of the experimental setup:

1 — partition wall; 2 — DSEVS; 3 — supply air temperature sensors after recovery T4; 4 — air
temperature and humidity sensor in the warm chamber; 5 — exhaust air temperature sensors before
recovery T3; 6 — supply air temperature sensors before recovery T1; 7 — exhaust air temperature
sensors after recovery T2; 8 — temperature and humidity sensor in the "cold™" chamber
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Fig. 5. DSEVS research process for Prana 150 Eco Life

The main purpose of these studies is to determine the efficiency under the same testing
conditions at minimum, average and maximum air flow rates according to the data in the technical
data sheets of the devices.
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Based on the above, the efficiency of the DSEVS is determined by the formula:

_wxloo

1= 13-11) @)

In the course of this work, DSEVS were tested under close-to-nature conditions, under which
DSEVS are exposed to the entire set of factors of both external temperatures and the internal
microclimate of the room. The list of temperature and humidity control systems is given in Table 1.

All measurements were performed using a set of measuring equipment (Table 2) connected to
a data logger. The parameters of the temperature and humidity conditions are given in Table 3.

Table 1 — Heating and cooling devices

Equi ¢ Premises
quipmen "Warm™ chamber "Cold" chamber
Air conditioner
cooli Cooper&Hunter CH- Cooling unit Bitzer AA-BK-64/2EES-3Y
ooling S12FTXF2-NG
- Air cooler Eco GCE 312F8 ED
Heatin Convector heater Noveen B
g CH9000 LCD SMART
Table 2 — Measuring devices
Measured variable Measuring device
Dry thermometer temperature Resistive temperature sensors PT 100
Wet thermometer temperature Digital temperature, hum;grllg);?nd atmospheric pressure
Static pressure difference Piezoresistive pressure sensor
Relative humidity Digital temperature, humidity and atmospheric pressure
sensor
Data management Data acquisition system
Electricity consumption Wattmeter ammeter voltmeter Intertek 3680W

Table 3 — Parameters of temperature and humidity conditions

Premises
Parameters "Warm" chamber "Cold" chamber
Temperature, °C 19-21 6-8
Humidity, % 45-55 65-75

Ensuring the internal air temperature in the warm and cold chambers is taken in accordance
with DSTU (National Standard of Ukraine) EN 13141-8:2019 "Ventilation in buildings.
Performance testing of components/products for residential ventilation. Part 8: Performance testing
of nonchannel supply and exhaust ventilation units (including heat recovery) for mechanically
driven ventilation systems designed for a single room" (EN 13141-8:2014, IDT) [18].

Research results. Based on the statistical processing of the results of experimental studies
(Table 4), a graphical dependence of the DSEVS efficiency on changes in air flow was constructed

(Fig. 6).
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Table 4 — DSEVS Research results

o Unit of Values of indi_cators f(_)r DSEVS
Parameter Designations measurement Vents Breezy | Klimatronik | Prana 150
160-E Smart | 160 Basic Eco Life
Efficiency factor n % 78-56 89-53 88-52
Consumption* N W*h 4.4-9.2 3.4-22.5 3.2-15.6
Air flow rate**
(according to the L M 15-57 20-70 5-52
manufacturer's data
sheet)

* — Electricity consumption is based on measurements made during the research;
** _ air flow rate is indicated in the measurement range, without taking into account the
maximum air flow rate (boost mode).

Efficiency of DSEVS
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Fig. 6. Efficiency of decentralized supply and exhaust ventilation systems (DSEVS) with heat
recovery

As the analysis of the results shows, the efficiency of the studied DSEVS is quite similar,
since all models show a decrease in efficiency with an increase in air flow. The highest efficiency
over the entire range of air flow rates, especially at low air flow rates, was shown by the
Klimatronik 160 Basic system, while the lowest efficiency among the three models at each stage
was recorded for the Vents Breeze 160-E Smart system. With an increase in air flow rate to 55 m3/h,
the efficiency of all three models approaches 60-65%, leveling the differences between them.

Conclusions. The article presents the results of studies of the efficiency of decentralized
ventilation systems with heat recovery. Particular attention was paid to ensuring the same experimental
conditions, including the microclimate parameters of the "warm™ and "cold” chambers. Based on the
research, the results of the efficiency of each of the systems were obtained, which turned out to be quite
close due to the use of heat exchangers made of the same material — copper.

However, the efficiency of a heat exchanger depends not only on the material, but also on
many other factors: material thickness, heat transfer surface area, aerodynamic characteristics of air
flows, balance of supply and exhaust air, etc. The tests also identified the need to increase the
tightness of the systems, which could potentially improve their efficiency.
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The studies found that one of the systems demonstrated the highest efficiency. However, the
study found that the exhaust air flow rate was higher than the supply air flow rate, which affected
the results. This indicates the need to further determine the actual supply and exhaust air flow rates
through the system for each device more accurately.

The results obtained can be used to optimize the design of decentralized ventilation systems
with recovery, their integration with natural or mechanical ventilation systems, and to develop
recommendations for manufacturers. Further research should be directed at improving heat
exchangers, in particular with regard to their design characteristics, and adapting systems to the
specific climatic conditions of different regions.

After conducting tests and analyzing the results, the directions and prospects for further
research have been formed, which will help to better define the detailed problems of these DSEVS
designs and formulate steps for their optimization. The priority of the next research is to determine
the actual air flow rates of each DSEVS, and if the results differ from the data specified in the
technical passport, it is necessary to repeat the efficiency tests at the same air flow rates and the
balance of air masses of supply and exhaust air. After that, the prospect of further research is to test
with changes in pressure in each of the chambers and obtain repeated results.
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AHoTania. Jlana cTarT NpUCBIYEHA JOCITIDKCHHIO EIEHTPai30BaHUX MPUILUIMBHO-
BUTSDKHUX cucteM BeHTwidii (AIIBCB) i3 pexkynepalii€ro Tera, ski € BaXJIMBUM €JIEMEHTOM IS
3a0e3neueHHs eHeproe(eKTUBHOrO MOBITPOOOMIHY B Cy4acCHHX TepMETHYHUX OyniBisx. Bupueno
po0OaeMaTUKy IPUPOAHOI BEHTWIALIT, SIKa B CydaCHHMX yMOBaX HE MOXe 3a0e3NeunTH HaJle)KHUH
piBeHb TOBITPOOOMiHY ©Oe€3 BTpaT Temia, OCOOJMBO B3UMKY Ta BIITKY, 1 MiJABEJEHO [0
OoOrpyHTYBaHHSI €(EKTUBHOCTI MEXaHIYHHMX cucTteM BeHTWAlli. [lpoBeneHo mMoOpiBHAHHS
[EHTPANI30BaHUX Ta JIEHCHTPAI30BAHUX CUCTEM, MIAKPECTIOIOUN MEePEeBard OCTAaHHIX Yy MPOCTOTI
MOHT@Xy, EKOHOMIii TIPOCTOpY Ta MOMJIMBOCTI BCTAaHOBJCHHS B YK€ BiAPEMOHTOBAaHMX
OpUMIIICHHAX. Y  poOoTi anHamizyotbess Tpu 3pasku  JI[IBCB, ocHameni wmigHUMU
TEIUIO0OMIHHUKAaMH, 1110 3a0e31euyloTh BHCOKY Terionepeaady. OCHOBHa MeTa JOCHTIJKEHHS —
BUSIBJICHHS CUJIBHMX Ta CIa0KUX CTOPIH HasBHUX IPUCTPOIB 1 po3poOKa pekoMeHpaalid g ix
YIOCKOHAJIEHHS, BPaxOBYIOYHM KIJIIMAaTH4HI OCOOJIMBOCTI perioHiB YKpaiHu Ta €Bpomnu. AHami3
OTPUMaHUX JaHHUX CBIAYUTH PO JOCUTH ONM3bKI TMOKA3HUKH €(QEKTUBHOCTI JOCIHIHKYBAHUX
cucreM. Takwii pe3yabrar OyB MPOTHO30BaHMUH, OCKIJIBKM BCi CHCTEMH BHKOPHUCTOBYIOTH
IICHTHYHUHN Marepia Uil TeTUIOOOMIHHUKIB — Mib. OHAK, BUSBICHHS HEOOXITHOCTI MOIMIIICHHS
iXHBOI FE€pPMETUYHOCT] BiJKPUBAE MEPCIEKTUBU AJIS MOAAIBIIOTO MiJBUILNEHHS 1X €()EeKTUBHOCTI.
Bapto 3a3HaunTH, 1m0 TOYHI 3HaYeHHS €(QEKTUBHOCTI MOXYTh 3MIHIOBAaTHCS B 3aJIEKHOCTI Bij
peanbHUX YMOB €KCIUTyarallli, 30KpeMa, BiJl (PaKTUYHOTO CIIOKUBAHHSA MOBITPS KOKHUM MPUCTPOEM
Ta OajaHCy TOBITPIHUX TIOTOKIB y cucTeMi. JlOCHiTKEHHS MIATBEPIKYE €(PEKTUBHICTD
MPOTUTOYHHUX CHUCTEM, IIIO MPAIIOIOTH Ha OTHOYACHUH NMPUILTUB 1 BUTSKKY, K ONTHMAJIBHUX PIllICHb
U1 TIATPUMKH KOMGOPTHOTO Ta eHeproeeKTUBHOro Mikpokiaimary. OTpumaHi pe3ynbTaTd
JOCTI/DKEHHST MOXHa 3aCTOCYBaTH Ul  YAOCKOHAJE€HHS KOHCTPYKTHBHUX OCOOJIMBOCTEMH
JCLIEHTPATI30BaHUX BEHTWIALIHHUX cUCTeM 3 (YHKLIE peKymnepamii Temia 3 ypaxyBaHHSIM
cnenudiky pi3HUX perioHiB. Lle n03BonuTH e(peKTHBHINIE IHTErpyBaTH iX 13 MPUPOJHUMH alo
MEXaHIYHUMHU CHCTEMaMH BEHTWJIALII, a TaKOX PO3POOMTH OUIBII TOCKOHAI PEKOMEHMAIll Jis
BUPOOHUKIB TAKOTO 00JIaIHAHHS.

KirouoBi cioBa: neneHTpanizoBaHi CUCTEMU BEHTHWIIALII, peKynepaTop, eHepro3oepexeHHs,
SKICTb MOBITPS, MOBITPOOOMIH.
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