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are used in energy sectors to solve different tasks such as creating a model
of energy consumption, prediction of energy needs in different conditions
and optimization of energy system overall, but it needs some adjustments
and further researches to be effectively used for diversified systems with
large dependency on alternative energy sources.
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Abstract. This paper analyzes the creation of integrated microclimate
systems for the preservation of cultural heritage in museum buildings. Heating,
ventilation, cooling, humidification, dehumidification, and air purification systems
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are considered as an integrated microclimate control system.The study justifies
the need to consider the individual characteristics of buildings and exhibits
when designing integrated microclimate control systems and emphasizes the use
of modern technologies (CFD air-flow modeling, Intelligent HVAC control systems,
Energy-efficient devices, Monitoring of indoor and outdoor microclimate
parameters).

Keywords: museum microclimate systems, heating, ventilation, cooling,
humidification, dehumidification, air purification.

The preservation of cultural heritage in museum buildings
requires the use of modern engineering systems, including heating,
ventilation, cooling, humidification, dehumidification, and air and water
purification [1]. Moreover, each museum building requires an individual
approach, which considers the specifics of exhibits, building type, and
technical capabilities [2]. Therefore, such facilities should be regarded as
technically complex objects, where the efficiency of engineering systems
affects not only visitor comfort but also the preservation of collections.
Microclimate systems play a key role in maintaining the required indoor
environmental conditions: temperature, humidity, air cleanliness, and
airflow velocity [3].

The design of engineering systems for museum buildings should be
based on a comprehensive, systematic approach that integrates modern
technologies and equipment, such as:

— Computational Fluid Dynamics (CFD) modeling;

— Intelligent HVAC (Heating, Ventilation, and Air Conditioning)
control systems;

— Energy-efficient devices;

— Continuous monitoring of indoor environment parameters.

Successful examples of the systematic approach to creating
effective microclimate systems include the Louvre Museum (Paris, France)
and the Getty Museum (Los Angeles, USA) [4, 5].

In the Louvre, a displacement ventilation scheme combined with
microprocessor-controlled display cases (climate showcases) is used. Air is
supplied from the floor, which reduces air turbulence and ensures stable
indoor climate conditions.

In the Getty Museum, natural ventilation systems are implemented,
where air exchange is provided by automated windows with special
actuators. A backup mechanical ventilation system is also installed. CFD
calculations have demonstrated the ability of this system to adjust the
indoor microclimate parameters depending on outdoor conditions and
visitor load.
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These examples highlight the necessity of applying Building
Information Modeling (BIM) for integrated design and the importance of
building layout.

The operation of microclimate systems in such buildings should be
based on monitoring both internal and external microclimate parameters,
which ensures stable temperature and humidity, crucial for exhibit
preservation.

Considering the typical layout of museum buildings, two main
types of exhibition halls can be distinguished:

— halls with external walls and windows;

— internal halls without external walls and windows.

The organization of microclimate systems in these spaces differs.

Halls with windows require reserve system capacity to compensate
for rapid changes in external conditions (temperature, solar radiation, air
velocity, humidity). In such halls, it is advisable to place heating-ventilation
units with integrated humidifiers under the windows (Fig. 1).
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Fig. 1. Schematic diagram of the arrangement
of microclimate systems for outdoor museum premises

The ventilation unit (in the mechanical room) should include a
dehumidifier, which provides flexible response to changes in indoor and
outdoor air parameters.
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For internal museum halls (without external walls and windows),
the use of a “climate island” is recommended — a structural unit combining
several devices, such as heating elements, a humidifier, and a dehumidifier.

Efficient air distribution from the “climate island” is ensured by an
axial fan, integrated with the microclimate monitoring system (Fig. 2).
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Fig. 2. Schematic diagram of the arrangement
of microclimate systems for indoor museum premises

Fresh air is supplied by a central supply-and-exhaust ventilation
system, which should preferably include humidification and dehumidification
sections.

In a central air-handling unit (AHU) humidification can be
achieved either by water spray (adiabatic) or steam humidification (Fig. 3).

In the spray method, air moisture is increased by mixing fine water
droplets with supply air in a special chamber (Fig. 3, ).

In the steam method, steam from a generator is delivered to a
distribution pipe with injection nozzles. During the operation of the steam
generator, it is necessary to monitor the operating time of the steam cylinder
(Fig. 3, b) and temporarily replace it.

Dehumidification can be performed using adsorption-rotor
regenerators, which can reduce absolute humidity to 0,1 g/kg and ensure
stable operation at low outdoor temperatures. In some cases, condensation
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dehumidifiers (when RH exceeds the dew point) or precision humidifiers
with closed-loop dehumidification can also be used.

To ensure constant monitoring of indoor microclimate parameters,
it is advisable, in addition to the sensor system integrated with HVAC
(heating, ventilation, and air conditioning) systems, to have a separate
monitoring system with control sensors.

Fig. 3. Equipment for humidifying air:
a— irrigation chamber; b — steam cylinder

A review and analysis of museum buildings show that indoor
microclimate is the key factor for the preservation of museum exhibits. The
fundamental principles for designing effective microclimate systems are an
individual approach to HVAC system design, integration of systems based
on BIM and CFD tools, use of intelligent, energy-efficient equipment with
environmental monitoring.
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Anomauia. B pobomi nHagedeni pezynvbmamu 00CHIONCEHHA CKIAOHUX
CUSHATIB, WO AGNAOMb COO0I0 NOCNIO0BHICIb KO2EPEHMHUX IMNnyavcie. OOHUM
i3 Memooie 06pOOKU MAKUX NOCAIO0BHOCMEN IMNYIbCI8 € hazosa MoOyayis
KomniemeHmaprumu kodamu. Ha npuxnadi kody Adamapa 3a donomozorw ma-
MeMamuyHo20 MOOENIOBAHHA GUIHAYEHO 6NIUE MAKOI 0OPOOKU HA KOPeNAYIHI
sracmusocmi nociio08Hocmi i it (PyHKYi0 HesuUHaueHoCmi.

Knrwuogi cnosa: xopenayiina QyHKyis, KOMHieMeHMapHi Koou, ¢a-
3064 MOOYIAYIS, (DYHKYIS HEBUSHAYEHOC.

VY cyuacHiii pazionioKalii 3acTOCOBYEThCS 0araTto pi3HHUX THIIIB
ckianHuX curHamiB [1, 2]. JlocuTh po3NOBCIOKEHIMH € KOT€PEHTHI MOCITi-
JOBHOCTI iMITynbciB. Taki MOCHTIIOBHOCTI HAalOTh 3MOTY BHKOPHUCTOBYBATH
pi3HI METOAM MOJIYJSLIT OKPEeMHUX IMITYJIbCIB, 10 BHOCHUTH IIEBHE Pi3HO-
MaHITTSI MK IMITyJIbcaM¥ CUTHaJTy. B cBOIO uepry, 1e 103BoJIsi€e MOKPALIUTH
KOpEJISAIiiHI BIACTUBOCTI CHTHAITy — 3MEHIIUTH PiBEHb OIYHHUX MEIOCTOK,
3HU3UTU PEKYPEHTHI CIUIECKH, i OLIbII TOro, JOOWUTHCH Maibke PpiBHO-
MIpHOTO po3noAlTy (YHKIIT HEBU3HAUEHOCTI B 30HI HEHYJbOBHUX IOIIIE-
PIBCBKHX 3MilieHb. KpiM TOro, KOTepeHTHICTh IMITYJIBCIB B ITOCIIIOBHOCTI
JI03BOJISIE€ 30UTBIINTH €(QEeKTHBHY TPUBAIICTh CHUTHATY, HACTIIKOM HYOTO €
TIOKpAIIEHHS PO3/iTbHOT 3JATHOCTI 3a JOMIUIEPIBCHKUM 3MIIIICHHSIM.

JlocuTh pO3NOBCIOJDKEHUM METOJIOM 00pOOKH KOTEepEeHTHHX IOCITi-
JOBHOCTEH IMITyJIbCIB € (Da3oBa MOMAYJALIS KOMIUIEMEHTAPHUMH KOJaMHU
[2, 3]. KommieMeHTapHUME HA3HBAIOThH JBi MOCIIOBHOCTI, SKIIO CyMa iX
ABTOKOPEIALIHHNX (QYHKIIH JOpIBHIOE HYJIIO Al OyAb SIKMX 3MIiIIEHb
OKpiM HYJBbOBUX. 3 OIJISIIy Ha Te, II0 KOMIDIEMEHTapHI IOCIiI0OBHOCTI
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