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The article is devoted to increasing the efficiency of the air conditioning systems of clean rooms,
which maintain the microclimate parameters in a given range according to several indicators - the
number and size per 1 m? of dust particles, aerosols, microorganisms and pressure, humidity,
temperature.

Clean rooms are used in microelectronics, instrumentation, medicine and medical industry,
pharmacology, laboratories, optics production, food industry, biotechnology, aviation and space
industry.

Recently, abroad and in Ukraine, with the aim of saving energy resources, fundamental rese-
arch is being conducted in a number of technologies from the perspective of exergetic methodology.
This contributes to an objective assessment of the degree of energy perfection of devices and processes
related to energy conversion in modern technologies.

For this purpose, the authors developed an exergetic method of analyzing the operation of the
direct-flow central air conditioning system of clean rooms.

Keywords: clean rooms, air conditioning, microclimate, exergetic balance, exergetic output-
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Introduction

Clean rooms are rooms where the parameters of the microclimate are maintained in a given range
according to several indicators - the size and number of dust particles, acrosols, microorganisms and
temperature, humidity, and pressure in the room per 1 m3 of the room volume (Fedotov, 2003;
Hayakawa, 1990; White, 2002; White, 2004; GOST ISO 14644-1-2017, 2017). Depending on pollution
per 1 m3 of volume, clean rooms are divided into cleanliness classes, which are determined by the
number of pollution particles (0.1, 0.3, 0.5 microns) in a unit of air volume. Solid, aerosol, bacteriological
pollution with a size from 0.005 to 100 microns is controlled.

Clean rooms are used in microelectronics, instrumentation, medicine and medical industry,
pharmacology, laboratories, optics production, food industry, biotechnology, aviation and space industry.
They can be used both for industrial workshops (Fig. 1) and for small rooms (Fig. 2) (Fedotov, 2003;
Hayakawa, 1990; White, 2002; White).

Understanding the need to use clean rooms arose a long time ago. Thus, in the 1860 s, attempts
were made to eliminate the threat of bacterial infection in operating rooms by disinfecting rooms,
instruments, and air filtration in supply ventilation systems. In the 1940 s, systems of forced ventilation of
premises using excess pressure, which prevented the appearance of unwanted pollution, began to be used.
At the same time, attempts to use clean rooms in industrial production began in the 1940 s. The Western
Electric Company used for the production of aviation horoscopes in 1955 the first room with minimal
parameters for dust accumulation thanks to the materials covering the walls, floor, ceiling, and the
placement of lighting. At the same time, excess pressure in the room was maintained, filters in supply
ventilation retained up to 99.95 % of particles with a size of 0.3 microns.
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Fig. 1. Production line in a clean room for the needs Fig. 2. A small clean room for the production
of microelectronics of microelectronics

In 1960, a directed laminar flow of air from the entire plane of the ceiling was tested in England.
And Willis Whitfield developed in 1961 the theory of laminar air flows, which were supplied through
filters and passed in a directed manner through the room without excessive turbulent eddies and were
discharged through a perforated false floor. During this, the air flow removed particles of pollution from
the working area of the room ) (Hayakawa, 1990; White, 2002; White).

Materials and methods

The clean room should have a simple shape to counteract the accumulation of contamination in the
"dead zones" with hermetic wall constructions with an antistatic coating. Most often, air is supplied
through filters in the false ceiling and removed through the false floor (Fig. 3). Workers in special clothes
enter the premises through special vestibules-gateways. For premises of a lower class of cleanliness, less
attention is paid to the parameters of temperature, humidity, lighting, equipment design, and the presence
of an entrance vestibule.
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Fig. 3. Scheme of a clean room with a vertical unidirectional
laminar flow of incoming air and an extractor in the false floor

Air exchange and excess pressure is provided by an air preparation system, usually air
conditioning, consisting of fan systems, that take recirculated air (if possible) from the room and outside
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(20-30 %), drive it through the distribution system together with filters before returning it in the room
The air flow passes through the entire volume of the room in one vertical direction with a uniform speed,
usually equal to 0.3-0.5 m/s (White, 2002). The air exchange and room cleanliness parameters are
monitored by the control system. Individual modules with autonomous air purification systems of the
highest class can be used inside the premises. The parameters of clean rooms, their construction and
operation are determined by the State Standards system.

In cases, where the recirculation of internal air is prohibited due to sanitary and hygienic
requirements or when the amount of external air required for a given clean room is approximately equal

to the amount of supply air G.

in?

kg/h, calculated based on the hazards identified in the room, a direct-

flow air conditioning system (ACS) is used for a clean room. Direct-flow air conditioning is the simplest
air conditioning system, when 100 % of the outside air is supplied to the room. This system is

uneconomical, since all the air G,

kg/h, which enters the room, goes through a full cycle of preparation
— from the parameters of the outside air to the required parameters of the air of the clean room. This
system is characterized by high energy consumption and a reduced service life of filters.

The performance of this system can be improved by heat utilization with a recuperative heat
exchanger. Thanks to heat utilization, energy savings for air heating up to 60 % are achieved.

Direct-flow systems, due to their uneconomical nature, are used only where they are necessary and
where air recirculation is unacceptable (work with harmful substances, dangerous pathogenic
microorganisms, etc.).

At the same time, in order to increase the energy efficiency of the air conditioning systems of clean
rooms, we have chosen the direct flow air conditioning system, which needs it the most.

Results and discussion

When using central air conditioning, an important question is: how effective will the selected air
conditioning system work under these conditions? After all, the correct choice of operation of the ACS is
not only the best provision of the microclimate and air cleanliness in the premises, but also saving energy
and money.

Different central air conditioning systems for the same outdoor air parameters will have different
operating efficiency for different operating parameters and serving the same room.

The purpose of this research work is to evaluate the efficiency of the direct flow central air
conditioning system for clean rooms by the method of exergy analysis (Cokolov, 1981; Shargut, 1968;
Brodyansky, 1991; Silvio, 2013; Bejan, 1988; Morozyuk, 2006; Tsatsaronis, 2002; Labay, 2020; Labay,
2021; Labay, 2021; Labay, 2021; Labay, 2023).

Therefore, the authors developed an exergetic method of analyzing the operation of the direct-flow
central air conditioning system of clean rooms. This method is designed to determine and compare the
efficiency of a direct-flow central air conditioning unit that serves a clean room in the warm period of the
year (WPY) under different modes of its operation. Such a method of thermodynamic study of a direct-flow
ACS of clean rooms makes it possible to study it both in general and its individual parts in order to obtain
complete information about the energy conversion processes that take place in this ACS. The result of the
analysis is the finding of exergy losses in individual elements of the SCP and the exergy efficiency of the
process in general. The developed method makes it possible, for example, to determine the exergetic
efficiency of direct-flow central heating systems depending on various parameters of the outside air.

For research, we adopted a central air conditioner of the CACT2 type. The facility served by this
air conditioner is a clean room.

Losses to the environment are not taken into account in the calculations; it is assumed that the
polytropic process of cooling and drying the air in the WPY takes place in the irrigation chamber.

Exergetic efficiency (output-input ratio (OIR)), which characterizes the efficiency of the direct-
flow air conditioning system in WPY, was determined by the formula:
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where AE, =E, _—E, is the decrease in exergy of conditioned air in a clean room, W; £, = and E,
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is respectively, exergy of incoming and internal air in a clean room, W; AE, = wa —EWi is change in
exergy of water in the irrigation chamber (respectively, increase in exergy of air in the irrigation
chamber), W; E, and E, isaccordingly, the exergy of water in the irrigation chamber at its initial and
=F
air heater second heating (respectively, a decrease in the exergy of the air in the air heater second
heating), W; E

final temperature, W; AE E _ is change in the exergy of the heat carrier (hot water) in the

heat heat ~ rev

weat and E_ is accordingly, the exergy of the heat carrier in the supply and return pipes of

the air heater second heating, W; N is power consumption of the cold water pump for the irrigation
chamber, W; Nllfs'z' is power consumed by the hot water pump for the air heater second heating, W; Nf;g

is power consumption of the fan motor of the adopted central air conditioner, W; Niz/' is power

consumption by the refrigerating machine for the central air conditioner, W.
We determined the exergetic efficiency (OIR) for the selected direct-flow central ACS with a

capacity of 10,000 m’/h, which served a clean room in the city of Dnipropetrovs’k, which was n =

=1.47 % (n, = 0.0147), which is quite insignificant. Hence, the conclusion that it is necessary to look for

ways to increase it.

Conclusions

The method of exergy analysis of central heating systems was created and will be tested at
«Polikor» LLC (Lviv) to determine and compare the energy efficiency of a direct-flow central air
conditioning unit that serves a clean room in the warm period of the year under different operating modes.
The exergy analysis will allow to establish the maximum thermodynamic capabilities of the central
direct-flow ACS, to determine exergy losses in it, and to justify recommendations for the improvement of
its individual elements. And for this, it is necessary to thoroughly study all aspects of the operation of the
central direct-current ACS. Using the results obtained in the research work will not only provide an
opportunity to significantly improve the energy efficiency of clean rooms, but also increase the
profitability and competitiveness of these rooms for high-tech, medical and other processes.
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CTAH I HEPCIIEKTUBU NIIBULNEHHA EHEPITOE®EKTUBHOCTI
CUCTEM KOHJIMUIIIOBAHHSA ITOBITPA YUCTUX TPUMIIIIEHDb
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CraTTsl IpUCBSYEHA ITiABHUIIEHHIO €()eKTUBHOCTI POOOTH CHCTEM KOHAMIIOHYBAHHS MOBITPS YHUCTUX
MPUMIILEHB, IO MATPUMYIOTh Y 3alaHOMY [iala3oHi napaMeTpy MiKpOKIIiMary 3a JAeKiTbKoMa MOKa3HUKaMHU
— KUIBKOCTI Ta po3Mipy Ha 1 M> YacCTHHOK IOpOXY, aepo30jiB, MIKPOOpPraHi3MiB Ta THUCKY, BOJOTOCTI,
TEeMIIEpaTypH.

YucTi npuMilieHHs] BUKOPUCTOBYIOTh Y MiKpPOEJIEKTPOHiLli, TPHIaf00yAyBaHHI, MEIUIMHI 1 MEANIHIH
MIPOMUCIIOBOCTI, (hapMakosorii, 1a0opaTopisix, BUPOOJIEHHI ONTHUKH, Xap4yOBill MPOMHUCIOBOCTI, O10TEXHOIO-
TisX, aBialiiHil Ta KOCMIYHIH TPOMKCIOBOCTI.

OcraHHIM YacoM 3a KOpJOHOM Ta B YKpaiHi 3 METOI0 3a0lla/DKEHHS EHEpreTHYHHX pPecypciB
BEAYThCSl (YHIAMEHTaJbHI JOCTIKEHHS Y ps/i TEXHOJIOTiH 13 Mo3umlili exceprerndHoi meronoiorii. Lle
cnpusie 00’€KTHBHIM OINHIN CTYIICHS €HEPreTHYHOI JOCKOHAJIOCTI amapaTiB Ta MpOIIECIB, TOB’SI3aHHUX 3
TIEPETBOPEHHSIM €HEPTii y CYYaCHUX TEXHOJIOTIsIX.

HaBeznena icTopiss BUHUKHEHHS Ta 3aCTOCYBAaHHS YHCTHX NMPUMIILEHb Ta CUCTEM KOHIHIIOHYBaHHS
MOBITPS, IO HUMH OOCITyTOBYIOTHCS.

BkazaHo npo po3noiieHHs YUCTHX MPUMIILEHb 32 KJIacaMu YHCTOTH. 3aJIeKHO Bijl 3a0pyaHeHHs Ha |
M 06’eMy, YHCTi NPUMIIIEHHS TOMUIAIOTh HA KIACH YMCTOTH, SIKi BU3HAYAIOTHCA 33 KiNBKICTIO YaCTHHOK
3a0pymuenns (0,1; 0,3; 0,5 mMxMm) B omuHuIl 00’eMy TOBITps. HaBenmeHi mpuKIaaM 3aCTOCYBaHHS YHUCTHX
NpUMIIeHb y MiKpoenekTpoHini. [lomaHo cxemy MOBITPOOOMiHY IiJ Yac KOHIWIIOHYBAaHHS IOBITPS Y
YUCTOMY NPHUMILIEHHI, KOJH PEUUPKYJSLisi BHYTPIIIHROIO MOBITPs MpHUMilleHHs 3a0opoHeHa. Haiiuacrinie
TIOBITPSl TOAAETHCS 4epe3 (GUIBTPU Yy QaiblicTesli 1 BUBOAMTHCA dYepe3 Qanbmmimiory PoOiTHUKH y
CHeLiaIbHOMY O3] MOTPAIUISIIOT Y IIPUMIIIIEHHS Yepe3 CrelialibHi TaMOypHU-1ILTIO3H.

Jly1s boro aBTOpaMu po3po0IIeHO EKCepPreTUYHHI METOo]| aHali3y poOOTH NPSMOTEUiHHOI IIEHTpaIb-
HOI CHUCTEMH KOHJMWIIOBAHHS TOBITPS YHCTHX NpHMilieHb. HaBeneHO BHM3HAYeHHs BCIX CKIIAIOBHX, SIKi
moTpiOHI s po3paxyHKy ekcepreruanoro KKJ[ cucreMu KOHAMIIIIOBAHHS MOBITPS YACTOIO IPUMIIICHHS.

Ki1o4oBi cioBa: yucTi npuMileHHA, KOHIMIiOHYBAHHS MOBIiTPs, MIKPOKJIIMAT, eKcepreTHYHMI
basanc, ekcepretuunuii KKJI, eneproepekTuBHicTD.



