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INVESTIGATION OF RECUPERATOR EFFICIENCY
USING IN RESIDENTIAL PREMISES

Purpose. Investigation of ventilation and conditioning systems for residential premises in order to
ensure a healthy atmosphere and maintain a comfortable temperature in such premises.

Methodology. Analytical investigation of the ventilation systems, recuperation technologies which
can be applied in residential premises.

Result. In this paper are considered the microclimatic features of residential premises and public
premises. Constructions of air recuperators and air conditioning systems are explored. The possibility of
using recuperator systems of heating and cooling for the observance of sanitary norms, determined for
residential premises, is substantiated.

It is noted that in the case of using ventilation and air conditioning systems in residential areas, it is
important to ensure the intensity of the input and output of air at various temperatures and natural
conditions. In order to ensure the temperature regime, the observance of the required humidity of air and its
speed in residential premises, it is proposed to use a plate recuperator and an appropriate control system.
Calculations were made to compare the amount of energy consumed and its cost for the real consumer
during the heating period.

Scientific novelty. An analysis of the calculations of tidal units with different types of heaters was
conducted, and showed that the most effective way to heat the cold tidal air, to feed it into the room, is the
electric heater in conjunction with the recuperator.

Practical significance. The functional scheme, the system of ventilation and air conditioning with the
use of plate recuperators are developed, which is the basis for creation of experimental complexes and
laboratory installations.

Key words: energy efficiency, energy-saving technologies, heat utilizers, life support systems,
recuperation.

Introduction. One of the main characteristics of energy efficiency of buildings is
considered to be the specific energy consumption of heating and ventilation systems per year.
Unfortunately, we are significantly behind the majority of European countries from these indicators.
Lowering the specific energy consumption of heating and ventilation systems can be predicted.
Lack of massive construction of modern energy-saving technologies leads to high energy costs.

Setting problem. Considering the urgency of the issue ensuring the conditions of the
internal environment in living premises, the research task is to evaluate the efficiency of using the
heat recuperator to improve comfortable in-apartment conditions.

Results of the study. According to the applicable standards, premises for living in houses,
apartments etc. should be equipped with heating, air conditioning, or forced and ventilated system.

In those kind of premises at homes, there are optimum parameters of the microclimate are to
be ensured: temperature, relative humidity and air mobility in accordance with norms and rules [1].

According to [2], in home premises the air temperature should be 22-25° C, the relative
humidity of the air - 40-60%, the speed of the air - not more than 0,1 m / s. When exceeding the
permissible values, apartments and living premises should be immediately closed and provided
urgent repair of ventilation systems.
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In order to maintain the permissible values of the microclimate and the concentration of
positive and negative ions, it is necessary to provide installations or devices for hydrating or
artificial ionization, air conditioning. In Ukraine, there are no legally approved maximum levels of
carbon dioxide in the air for personal, office and public buildings. However, taking into account its
impact on residents, builders and landlords should pay attention to this issue and take preventive
measures.

In addition, the result of modern technological advances is the growth of each year of power
consumption and increase of the load on cables, which in turn leads to an increase in the intensity of
electromagnetic fields, the adverse effects of which can lead to deterioration of the health of
residents. Thus, builders and rental should be aware that the reason for the lower sales is very often
because of the unsatisfactory microclimate parameters.

One of the high-tech aggregates that provide energy-saving are recuperative heat
exchangers, the use of which represents a great practical interest as the most affordable means of
introducing energy-saving technologies in the reconstruction of ventilation systems. The use of a
recuperative heat exchanger is possible without replacing the main components of the existing
ventilation system. Depending on the design, they are divided into plate, rotary, recirculation water
recuperators [3].

Ventilation recuperator is a device in which the warm air, that is removed from the room, is
heated by the cold air coming from the street. There are recuperators with copper plate or aluminum
heat exchangers (coefficient of performance — 65-80%) and with regenerative ceramic plates
(coefficient of performance — 75-91%). The disadvantage of plate heat exchangers is the complexity
of manufacturing, respectively, a higher price, and regenerative - low performance. In summer, the
use of a recuperator will reduce the need the installation of an air conditioner, or 2 to 5 times reduce
the cost of electricity during its operation. In winter — it will significantly reduce the energy costs of
heating the premises [4].

In fig. 1 shows the temperature of air in the recuperator.
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Fig. 1. Temperature and air flow in the recuperator

Heat exchange in the recuperator is carried out continuously through the wall separating the
heat carrier. Plate recuperator - one of the types of air recuperators. It is the most popular, due to
its simplicity of design and functioning. They transmit heat through their plates, which in turn heat
up from passing through them warm air from the room and give it the heat of air flush. In this case,
the air flows in the plate recuperators are completely sealed relative to each other. That is, they do
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not mix air by transmitting heat through metal plates. The most popular materials for lamellar
recuperators are aluminum, plastic, stainless steel and paper.
In fig. 2 shows the scheme of recovery efficiency.

Structure of heat loss in residential premises

with natural ventilation with recuperator

Ventilation 50% Walls 24% Economy 45% Walls 24%

Windows

Windows 26% :
gy Recuperator 5% 1604

Fig. 2. Efficiency of the recuperator

Heat recovery in ventilation is a way of transferring heat energy from the flow of exhaust air
to the flow of the tidal stream. Recuperation is used in the presence of a temperature difference
between the removable and the inflow of air, to increase the temperature of fresh air. This process
does not mean mixing air streams; the process of transferring heat occurs through any material.

In order to increase the efficiency of the lamellar recuperator of ventilation air, it is
necessary to use its maximum possibilities for returning the heat of exhaust air at optimal operating
modes [5].

Devices that carry out heat recovery heat recovery are called heat recuperators. Recuperator
is a superficial type heat exchanger utilizing the heat of exhaust gases.

Rotary recuperator (Fig. 3) is structurally quite different from the plate. The main acting
mechanism in it is a drum that rotates between the tidal and exhaust zones. Transmitting heat at the
expense of rapid movement. This heat exchanger is heated by rotating in the zone of the exhaust
duct, and then cooled in the area of the inflow channel. As a result, the heat from the exhaust air is
transmitted to the tributary. Also, part of the moisture is returned as a result of condensation from
the exhaust air and evaporation in the stream of tidal air from the street. It is more suitable for
severe winter conditions, because due to constant rotation, the rotary recuperator does not have time
to mist and it is not required to drain condensate [6].

Unlike lamellar, rotary recuperators show a high efficiency (70-85%), and also differ by a
fairly high price. There are both for industrial and household applies.
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Fig. 3. Rotary recuperator

Let’s consider the ventilation system, with a flow of 750 m*hour. Calculations will be
made for the heating period in Kyiv, Ukraine. Agreed that the duration of the period with the
average daily temperature of air from +8 °C to -6,9 °C is 223 days. Calculate the required average
thermal power. In order to heat the air from the street to a comfortable temperature of 20 °C, it will
take:

N =G Gpp (t,, —tm) =750 - 3600 1,051,247 -

-[20 - (-6.9)] =7,023 kwh, (1.1)

where G — air flow (m*/hour);

tin — comfortable air temperature of the room;

tm — the minimum value of air temperature from the outside.

This amount of heat per unit time can be transmitted to the boost in several ways:

— heating of the inflow air by an electric heater;

— the heating of the fuel coolant is removed through the recuperator, with additional heating
by an electric heater;

— heating the street air in a water heat exchanger, etc.

A. The inflow air is heated by an electric heater. Cost of electricity in Kyiv is S=1,68
UAH/(kWh). Ventilation works around the clock, during 223 days of the heating period, the
amount of cash in this case will be:

C1=S24Nn =1.68-24 -7.023-223 =
=63146 UAH/(heating season ),
where S - price for electricity (kwh);
n - days of heating period.
B. Modern recuperators carry out the transfer of heat with high efficiency. Let the air be

heated by the recuperator to 60% of the required heat. It follows that the electric heater consumes
power:

(1.2)

N(el.heat) =Q —Q(rec) =7,023 - 0,6 =2,81kWh (1.3)

80



Mexamponni cucmemu. Enepeoepexmugnicms ma
Pecypcozoepesricennsn

Mechatronic Systems. Energy Efficiency &
Resource Saving

ISSN 1813-6796 print
ISSN 2617-9105 online
BICHUK KHYT/ Ne4 (136), 2019

where Q - amount of electricity for heating the air from the street to the premises (kWh);
Q(rec) - heating the air by recuperator (%).

Provided that the ventilation will work throughout the heating period, we will receive an
amount for electricity:
C2 =S 24 Nelheay N = 1.68 -24 -2.81 - 223 =
= 25265 UAH/ (heating season)

C. For heating the building it is used the water in a heat exchanger. Estimated cost of heat
from technical hot water for 1 Gcal in Kyiv:

(1.4.)

Sh.w =834 UAH/Gcal,
kcal =4,184 kJ
For heating we will need the following amount of heat:

(1.5.)

_ 24Nn3600

hw. —
Sh.w.106

7023223 24 - 3600
h.w. 4.184-106

(1.6.)
=30,51Gcal

When working with ventilation and heat exchanger during the heating period of the year,
the amount of cash for the heat of technical water:

Cs = Snhw) Q=834 -30.51 =
= 25445 UAH/ (heating season)

The results of calculations of expenses for heating of the inflow air during the heating
season of the year are given in Table 1.

(1.7.)

Table 1
Electrical heater Electrical heater + Water heater
Recuperator
63146 UAH/(heating 25265 UAH/(heating 25445 UAH/(heating
season) season) season)

The cross-accurate recuperative heat exchanger (Fig. 4), in which the air flows of the
inflow and the exhausters are mixed, flow on numerous channels with common walls for different
flows. For a plate type heat exchanger, the heat recovery according to various data can be from 40
to 70%, depending on the ratio of external costs and is removed, and the difference in temperature
at the inputs to the heat exchanger. The air permeation at a given operating point of the fan is from
1 to 3%. A plate heat exchanger is manufactured, usually from aluminum plates, which create a
system of channels. Exhaust air passes through each second channel of the heat exchanger and
heats the plates, it forms. The tidal air passes through other channels and is heated when collided
with heated exhaust air walls of the channels.
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Fig.4. Plain recuperator

The modular design of heat exchangers allows you to combine the heat utilizer with any
performance according to the specifications. Several heat exchangers can be installed in order to
increase the heat utilization efficiency (one after another) [7]. The efficiency of the heat transfer
process for heat exchangers is estimated by the relative temperature difference (temperature
efficiency) for the exhaust and tidal air direction.

According to the results of the study, a functional diagram of the ventilation and air
conditioning system (Fig. 5) was developed, in which there is an external temperature sensor, an
inflatable air temperature sensor, a room temperature sensor, a plastic cross-type recuperator that
provides a constant exchange of air and prevents excessive moisture, the appearance of mold,
odors. Ventilation units ensure the purity and freshness of the air we breathe. Constant exchange of
air significantly reduces the concentration of bacteria, dust and other harmful substances in the
environment and increases the comfortable working conditions.
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Fig. 5. Functional scheme of the ventilation and air conditioning system

In the general case, the following main components of the inflow and exhaust system are
used:

» Two fans of different types that determine the cost of the installation.

« Heat exchanger recuperator - heats the tidal air through the transfer of heat from the
removed.
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* Electric heater - heats up the supply air to the required parameters, in the event of a lack
of heat flow from the exhaust air.

* Air valves with electric drives - can be installed in front of the outlet ducts for additional
airflow control and overlapping of the channel when the equipment is switched off.

* Bypass - due to which the air flow can be directed by the recuperator during the warm
period of the year, thus not heating the tidal air, and submit it directly to the room.

* Recirculation chamber - ensures the mixing of air that is removed in the tributary, thereby
ensuring air circulation recirculation

In addition to the main components of the inflow and exhaust system, it also includes a
large number of small components, such as sensors, automation system for control and protection,
etc.

Conclusions. At present, there are many factors that affect the comfortable stay of people
in the premises. One of these factors is the temperature-humidity microclimate. Its maintenance
requires high energy costs. Modern technology allows to reduce these costs by preserving, or even
increasing efficiency. An analysis of the calculations of tidal units with different types of heaters
showed that the most effective way to heat the cold tidal air, to feed it into the room, is the electric
heater in conjunction with the recuperator. In addition, the amount of cash needed to heat the tidal
air is significantly reduced, compared with the use of an electric or water heater.

The use of recuperators, together with other methods that increase energy efficiency, will
save from 50 to 80% of the heat coming out of the room along with exhaust air. Efficiency of
energy-saving technologies is sharply increased with the use of automatic climate control system

in the room.
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JOCIIIKEHHA ECEKTUBHOCTI BUKOPUCTAHHA CUCTEM PEKYIIEPATOPIB Y
IHOBYTOBUX INPUMIIIEHHAX
ITABJIEHKO B. M., BOJISIHUK O. 1O.

Kuiscoxuii nayionanvhutl ynisepcumem mexnHoaozit ma ouzauuy

Mema. /[ocniodcenns cucmem @enmuaayii ma KOHOUYIOHYBAHHA HCUMIOBUX NPUMILYEHb 3 Memoio
3abe3neyeHHs: 300p08oi ammocgepu ma niompuUmMKU KOMpopmuoi memnepamypu 8 maxux nPUMileHHsX.

Memoouxa. Ananimuune O00CHIONCEHHS SGEHMUIAYIUHUX CUCMEM, MEXHON02il peKynepayii, sKi
MOJICHA 3aCOCO8YEAMU 8 ICUMIO0BUX NPUMIUYEHHX.

Pesynomam. YV Oaniti pobomi po3ensaoaromuvcs MIKPOKIIMAMUYHI  0COOAUBOCT  IHCUMIOBUX
npuUMinjeHb ma 3a2anbHo20 KOpucmysawus. Jlocniodceno KOHCMpYKYii pekynepamopie ma cucmem
KOHOUYioHyganuss nosimps. OOIPYHMOBAHO MOJNCIUGICTNG  BUKOPUCMAHHS  PEKYNEPAMOPHUX — CUCTHEM
ONAJIEeHHs A 0XON00XHCeHHs OJis OOMPUMAHHS CAHIMAPHUX HOPM, BUSHAYEHUX OJISL HCUMI0BUX NPUMILYEHD.

3aznavaemoca, wo y paszi UKOPUCMAHHA CUCEM 8EHMUIAYI] MA KOHOUYIOHYBAHHS Y HCUMIIOBUX
NPUMIWEHHAX 8aNCIUBO 3abe3neuumu [HMEHCUBHICMb B68e0eHHs Ma GUBCOCHHs NOGIMps Npu PI3HUX
memnepamypax ma NpupooHux ymosax. [[nsa 3abesneueHHs HeOOXIOHUX KIIMAMUYHUX YMO8, d came:
MeMnepamypHo20 pexcumy, OOMpUMAHHA HeoOXIOHOI 601020Cmi NOGIMPS MA U020 WUBUOKOCHI 8 HCUMILOBUX
NPUMILWEHHSX NPONOHYEMbC GUKOPUCTIOBYBAMU NIACMUHYACMUL PeKYNepamop ma 6iON0GioOHy Ccucmemy
ynpaeninusa. Byau nposederi po3paxynku 0ns NOpIGHAHHA KIIbKOCMI CNOXCUBAHOI eHepeii ma it eapmocmi
07151 peanbHO20 CRONHCUBAYA NPOMASOM ONANIIOBATILHO20 NEPIoo).

Haykoea nosusna. llposedeno ananiz po3paxyHkié npuniuHux azpe2amis 3 HASPIGAYAMU PI3SHUX
munie i nokazas, wo HAUubiIbUW eexmusHuM CnOCoOOM HAZPIBAHHS XOA00H020 NPUNIUBHOZO NOBIMPA,
nooaui 1020 6 NPUMIWEHH s, € eNeKMPUYHUIL 00Iepieay CNilbHO 3 PEKYNepamopoM.

Ilpakmuuna 3uauumicms. Po3pobaeno QyHxkyionanvhy cxemy, cucmemy GeHMuIAYil ma
KOHOUYIOHYBAHHA i3 3ACMOCYBAHHAM WIACUHYAMUX PEeKynepamopis, wo € O0CHO8010 OJisi CHEOPEHHs
EeKCNepUMEHMANbHUX KOMNIEKCI8 Ma 1a00pamopHux YCMaHoB80K.

Knrouoei crosa: enepeoeghexmusnicmo, enepeoszoepiearoui mexHonoeli, 6i06edeHHs: menad, cucmemu
arcummesabe3neueHts, peKynepayisi.
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NCCIEJOBAHUE DOPEKTUBHOCTHU NCITOJIb30BAHUA CUCTEM
PEKYIIEPALIMH B BBITOBBIX IOMEINEHUAX
ITABJIEHKO B. H., BOJIAHHUK A. 10.

Kuescruti nayuonanvuvlii yHugepcumem mexHoaio2ul U Ou3aina

Iens. Hccnedosanue cucmem GeHmunsayuy U KOHOUYUOHUPOBAHUSL JHCULLIX HOMEWEHUll ¢ Yeablo
obecneyenust 300p08oll ammocghepuvl u NOOOEPAHCAHUS KOMPOPMHOU MeMNepamypbl 8 MAaKux HOMeweHUsIX.

Memoouxa. Ananumuyeckoe uccie008anue eHMUTAYUOHHBIX CUCTEM, MEXHOI02U peKynepayuu,
KOMOPble MONCHO NPUMEHSIMb 8 JICUTBIX NOMEUJCHUSIX.

Pesynomam. B Oannou pabome paccmampugaromes MUKpOKIUMAMUecKue 0COOEHHOCTU JHCUTbIX
nomewenull u obwe2o norw3oeanus. Hccnedosana KOHCMPYKYUU peKynepamopos, Cucmem 6eHmMuIAYUU u
KOHOUYUOHUPOBAHUsL 8030yxa. OOOCHOBAHA BO3MONCHOCHb UCHONL30OBAHUSL PEKYNEPAMOPHUX CUCHEM
OMONJIeHUs U OXAANCOeHUs 0N COONI00eHUs CAHUMAPHBIX HOPM, KOMOpble ONPeOeleHHbl 0N HCUTbIX
nomeweHull.

Ommeuaemces, umo npu UCHOIL30BAHUU CUCTEM GEHMUIAYUU U KOHOUYUOHUPOBAHUSL 8 JICUIbIX
NOMEWEHUSX 8AICHO 0Decnedums UHMEHCUBHOCHb 68004 U 8bIB00A B030VXA NPU PAZIUYHBIX MEMNEPAMYPAX
U npupooHvix ycaosusx. s obecneuenuss mpeOyemviX KIUMAMUYECKUX VCAOSUl, d UMEHHO!
MeMNePamypHo20 pPexcuma, CoOOeHUs HeoOXO0UMOU GIANCHOCMU 8030YXA U €20 CKOPOCMU 8 JHCULbIX
HOMEWeEeHUsX npedasaemcs UCNOIb308AMb NIACTIUHYAMBII PEKYRepamop U COOMEEMCMBYIOUYI0 CUCTIEM)
ynpaenenus. bvuiu nposedenvt pacuemvi 01 CpasHeHusi KOIUYECmMea HNOMPeONsieMOU dHepeuu u ee
cmoumocmu OJisl peaibH020 nompebumeis 8 meueHue OMonUmenIbHo20 nepuooa os 2. Kuees, Ykpauna.

Hayunasa wnoeusna. Paspabomana @yuxyuonanvhas cxema, KOmopas ORUCHIBAEN CUCHEMY
BEHMUTAYUYU U KOHOUYUOHUPOBAHUSL C NPUMEHEHUeM NIACTMUHYAMBIX PeKynepamopos, uYmo S6Is1emcs
OCHOBO1 07151 CO30AHUSL IKCNEPUMEHMATIbHBIX KOMWIIEKCO8 U TAOOPAMOPHBIX YCMAHOBOK.

Ilpakmuueckan 3nauumocmsn. [lonyuennvie  pesyibmamvl  UCCTeO08AHUL  MO2ym  Oblmb
UCTIOTB306aHbL OJI5L PAPAOOMKYU KOHCPYKYULL YEHMPOOEINCHBIX MAUUH AHATOSUYHO20 MUNA 051 PA3TULHBIX
ompacinei nPOMbIUIEHHOCU WU ObIMOB020 HAZHAYEHUS].

Knrwuesvie cnosa. suepeodrgpgexmusnocms, 3uepeocbepecaiouue MexXHOAO2UU, OMEOO Mmenid,
cucmembl dHcuzHeoOecneuensl, peKynepayusl.
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