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Annotation. This article examines the specifics of air distribution in ventilation and air
conditioning systems in residential buildings using ceiling-mounted air diffusers that generate fan-shaped
airflows. The authors note that proper ventilation system design is key to ensuring standardized
meteorological conditions in buildings.Using the fitness center's top-floor gyms as an example, an
analysis of heat and moisture exchange during warm and cold periods of the year was conducted. Based
on heat and moisture balance calculations, the mass and volume flow rates of supply air were determined,
and the number and type of air diffusers were selected.

It was demonstrated that the use of ceiling diffusers with fan jets allows for uniform distribution
of supply air throughout the room, eliminating the sensation of a draft and providing comfortable
conditions for exercisers. The authors conclude that such devices are highly effective when their
diameter, air flow rate, and location within the room are properly selected.
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Introduction. In order to ensure the normalized meteorological conditions in the
premises of the administrative buildings according to the required allowable or optimal
parameters of the indoor environment in the served area of the premises, a good organization of
air exchange with correct air distribution can be sufficient [1].In this process, one of the most
important aspects of ventilation and air conditioning systems is the accurate design calculation of
airflow rates, the correct assignment of airflow patterns in the room volume and the correct
selection of air distributors. The air flow rate per room can be determined based on the
multiplicity of air exchange rates for the room for its purpose and area, or by compiling a
balance of priority harm and air balance. Selection of air distribution devices and their location
in the room depends on the purpose and size of the room, combination of types of harmful
emissions, requirements for the air environment, placement of equipment and workplaces in the
room and other conditions [2].

To date, theory and practice recommend many [3-4] types of air diffusers and some of
them ceiling air diffusers (plafonds) producing fan jets (Figure 1).

When organizing ventilation systems, the structural design of the building must be taken
into account. The correct solution of ventilation determines the convenience of installation and
operation of ventilation systems, the availability of the system for repairs, good appearance of
the room and, most importantly, high efficiency of air exchange. The issue of air supply and
disposal depends on the specific conditions.

Research materials and methods. As an example, the system of air conditioning of
fitness center gyms with ceiling air diffusers is considered. These are definitely three gyms
located on the top floor of the fitness centre with exercise equipment and stained glass windows
(Figure 2). Given that this is a room where there can be a large number of people and they are
engaged in physical exercise, releasing into the environment of the room heat, moisture and the
product of breath - carbon dioxide, there is an imbalance of these hazards.
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Figure 1 — Air distribution scheme with ceiling diffusers

Factors that affect the moisture and heat balance in this case. In the cold season it is - heat
supply, moisture supply by people, heat supply of equipment, heat loss to the outside
environment, through outdoor structures, and heat supply from heating devices of the heating
system.In the warm season - heat, moisture from people, heat from electrical equipment, solar
radiation entering the room through the windows and roof.In order to normalise and create a
good microclimate in such rooms, the moisture and heat balance is determined (Table 1).

Table 1 — Moisture and Heat Balance, kJ/h and kg/h
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Based on the data obtained (Table 1), the engineering method of calculation determines
the mass flow rate of the inflow air G and the volume flow into the room L (Table 2).

When the air flow rate for each training hall is known, you can determine the number of
air diffusers.When selecting air diffusers, it is important to consider the supply air movement.To
ensure a good microclimate for people in the training halls, respectively, it is necessary to
eliminate the feeling of blowing air, because with a smooth distribution of air-ha, the person does
not feel the fresh air supplied, which contributes to good health.Such an opportunity is given to
us by the ceiling water distributor, which has a flat plate twice the size of the supply pipe.The jet
attacking it will change direction and spread in all directions along the radius, such jets are called
fan jets.

The jet width increases rapidly as it moves away from the supply opening, resulting in a
sharp drop in speed and an intensive change in temperature and hazard concentrations. This
supply air principle is used to eliminate the feeling of blowing at high air velocities [5-9].
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Figure 2 — Training hall plan

Therefore, in the case under discussion, the preferred method of air distribution is by
ceiling mounted air diffusers.
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Table 2 — Supply air expenses

Name ofroom Area, M* G, kg/h L, m/h
Training hall 1 282,44 8289,37 6907,81
Training hall 2 141,53 4153,78 3461,49
Training hall 3 138,35 4060,45 3383,71
Corridor 77 2259,88 1883,24

Results and discussion. When calculating the ceiling air diffuser, special instructions
regarding the use of the maximum permitted air velocity and the diameter of the supply spigot
must be followed [10-12]. Place air diffusers not closer than 10-20 diameters of necks between
them at the intersection of diagonals of squares or rectangles in a ratio of 3:2. Following the
instructions for air flow rates, the number of air diffusers is determined using the following

formula:
L

~ 2820 9+ a2 (1)
When, L —room air requirement, m>/h; ¥ — air speed, m/c, @ = 3 <+ 5m/s; d —diameter of the neck, m.

The diameters of the air diffuser necks are taken according to the data. According to air
consumption, diameters were taken in each gym:halll — 350mm, hall 2, 3 and corridor — 250mm.

When designing ventilation and air conditioning systems for civil buildings, it is essential
to ensure that the air exchange process maintains the required microclimatic conditions
according to the purpose and occupancy of the room. A properly designed ventilation system
provides not only thermal comfort but also effective removal of excess heat, moisture, and
harmful emissions. The efficiency of such a system largely depends on the correct determination
of airflow rates and the rational selection of air distribution devices.

The structural characteristics of the building must also be considered, since the placement
of air ducts, diffusers, and exhaust outlets affects both the installation process and the overall
performance of the ventilation system. The correct arrangement of air supply and exhaust points
ensures ease of maintenance, good aesthetic appearance of the space, and most importantly,
uniform air distribution throughout the occupied zone.

As an applied example, this study examines the air conditioning system of three training
halls located on the top floor of a fitness center. Each hall is equipped with exercise machines
and large stained-glass windows, which contribute to significant internal and external heat gains.
During operation, the high occupancy level and physical activity of people lead to the emission
of heat, moisture, and carbon dioxide, which creates an imbalance of thermal and moisture loads
in the indoor environment.

To maintain comfort, it is necessary to calculate the overall heat and moisture balance for
both warm and cold seasons. Table 1 presents the results of these calculations, expressed in kJ/h
and kg/h. It can be seen that the total excess heat in summer reaches 117,844.1 kJ/h, while in
winter it decreases to 65,979.4 kJ/h. Correspondingly, the moisture excess is 10.56 kg/h in
summer and 8.94 kg/h in winter [13-16].

Once the required air supply for each room was determined, the number and type of air
diffusers were selected. Ceiling-mounted diffusers with fan-shaped jets were chosen due to their
ability to distribute air evenly across the ceiling surface. This method prevents the sensation of
drafts and ensures uniform temperature distribution within the occupied zone.

The number of diffusers (P) can be estimated according to the formula:

P=L/(vxmx(d/4) )
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Where, L is the room air requirement (m?/h), v is the average air velocity at the diffuser
outlet (m/s), and d is the diffuser neck diameter (m).

According to the design recommendations and air consumption data, diffuser diameters
were selected as 350 mm for Hall 1, and 250 mm for Halls 2, 3, and the corridor. To ensure
proper air mixing, diffusers should be installed at intervals of 10—20 neck diameters, preferably
along the diagonals of square or rectangular zones in a 3:2 ratio.

The study results confirm that ceiling-mounted fan jet diffusers are particularly effective
in large-volume spaces with high physical activity. When high-speed air collides with the
diffuser plate, the jet spreads radially, rapidly reducing its velocity and temperature. This creates
a smooth, gentle airflow that promotes thermal comfort and improves air quality without causing
discomfort to occupants.

Thus, the use of ceiling fan jet diffusers in ventilation systems ensures high air exchange
efficiency, uniform temperature distribution, and a favorable indoor microclimate. Compliance
with design standards and proper diffuser placement significantly enhance the overall
performance and energy efficiency of ventilation and air conditioning systems in public
buildings.

The results of the heat and moisture balance calculations for summer and winter show
significant variations in thermal loads, mainly caused by solar radiation, occupancy levels, and
operation of lighting and equipment. Based on these data, the required supply air volumes were
determined for each training hall, which then served as the basis for selecting appropriate ceiling
air diffusers.

Ceiling diffusers with fan-shaped jets were chosen because they allow the supply air to
spread evenly along the ceiling surface before descending slowly into the occupied zone. This
distribution method provides smooth air movement without creating drafts or discomfort, even
when the air enters the room at a relatively high velocity. Such systems are especially effective
in large rooms with active occupants, as they ensure uniform temperature distribution and
consistent air quality throughout the space.

In order to achieve optimal air mixing and avoid dead zones, air diffusers were positioned
at calculated intervals along the diagonals of rectangular areas. This approach helps maintain
balanced airflow and prevents overlapping of individual air jets. Proper diffuser arrangement
also minimizes noise and ensures that the entire room receives adequate ventilation, regardless of
the number of people or changes in activity level.

The research demonstrated that ceiling-mounted fan jet diffusers are highly effective for
use in spaces with high ceilings and large occupancy. Their design enables smooth air
dispersion, reduces temperature stratification, and enhances the sense of freshness within the
room. Moreover, this method contributes to energy savings, as the even distribution of air helps
maintain comfort conditions without requiring excessive cooling or heating power.

Therefore, the application of ceiling fan jet air distribution can be considered one of the
most efficient and practical approaches for ensuring a comfortable indoor climate in public and
sports facilities. It combines technical simplicity with excellent functional results, providing both
comfort and stability in demanding environments.

Conclusion. In volumetric rooms with physically active people, ceiling air diffusers are
effective, which spread clean supply air by means of a fan stream. The air that is supplied at high
speed when colliding with the shield gradually reduces the speed and temperature, forming a
smooth movement of air, which has a favorable effect on human well-being and, of course,
better blowing effect. When choosing ceiling-mounted air diffusers, clear instructions for their
use should be followed, otherwise the air exchange in the room will be unsatisfactory.
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PACIIPEJEJIEHUE BO31YXA B CUCTEMAX BEHTWJISIIUU N
KOHAMIIMOHUPOBAHUA B I'PA’KKJAHCKHUX 3JAHUAX C HIOMOLIBIO ITIOTOJIOYHBIX
BEHTHUJIATOPOB

Aomuesa I'.C., kaHIUAT TEXHUYCCKUX HAYK, aCCOIUMPOBAHHBIN mpodeccop
Mepren6aeBa A.Ill., MarucTp TEXHUYECKUX HAYK

Meowcoynapoonas obpazosamenvras kopnopayus (kamnyc Kazl'ACA), e. Animamul, Kazaxcman

AnHortamusa. B ganHOl cTaThe paccMaTpHBAIOTCA OCOOEGHHOCTH pacmlpeieNieHHs BO3ayXa B
CUCTCMaxX BCHTWIALIWU U KOHAUIUMOHUPOBAHUSA B KUJIBbIX 3aHUAX C UCIIOJIb30BAHNEM YCTAHOBJICHHBIX Ha
notoJike U Gy30poB, KOTOPBIE CO3/IAI0T BeepOOOPa3HbIE BO3MYIIHBIC MOTOKA. ABTOPBI OTMEYAIOT, YTO
NPaBUIBHOE MPOECKTUPOBAHKWE CHCTEMbl BEHTHJISILMU SIBIISICTCS KIIOUYOM K OOECIICYEHHIO CTAaHIAPTHBIX
METEOPOJIOTMUYECKUX YCIIOBUH B 31aHusIX. Ha mpumepe TpeHakepHbIX 3aJ10B Ha BEpXHEM dTaxe (UTHEC-
HeHTpa ObUT MPOBE/ICH aHAM3 TEIJIO- U BIArooOMeHa B TEIUIbIe W XOJIOHbIE TIeproIbl rofa. Ha ocHoBe
pacyeToB TEIUIOBOTO M BIAXKHOCTHOTO OanaHca ObUIM OIpeesieHbl MacCOBBIH M OOBEMHBIH pacxoj
[0JJaBa€MOT0 BO3/lyXa, & TAK)Ke BEIOPAHBI KOJIMYECTBO M THII BO3LyXOpaclpeaeTuTeeH.

Bbu10 MpoieMOHCTPUPOBAHO, YTO MCIOJIB30BaHUE MOTOIOYHBIX TUPPY30pOB C BEHTHISATOPHBIMU
(opCcyHKaMH I103BOJISET PAaBHOMEPHO paclpeiesiaTh MPUTOYHBIA BO3AYX IO BCEMY IOMEUICHHIO,
yCTpaHss OLIyIEHHE CKBO3HSKAa M oOecrieunBasi KOM(GOPTHBIE YCIOBHS JJsl 3aHUMAIOLIUXCS CIIOPTOM.
ABTOpBI TPUXOAAT K BBIBOLY, YTO TaKuWE€ YCTPOWCTBa 00JaNarOT BBICOKOM 3((HEKTHBHOCTHIO HPH
IMPpaBUJILHOM BI)I60pe X IJuaMeTpa, CKOpOCTU BO3AYIIHOI'O IMOTOKA U PACIIOJIOXKCHHUA B TIOMCIICHUH.

KiroueBble cioBa: BeHTwiALus, BO3AYIIHOE paclpelesieHHe, MOToNouHble Iuddy30psl,
MHUKPOKJIMMAT, KOHIUIXOHUPOBAHHUE BO3yXa.

TOBEJIK KEJAETKILITEPAIH KOMEI'TMEH ABAMATTBIK
FUMAPATTAPIATBI KKEJJAETY )KOHE AYAHBI BAIITAY KYUEJIEPIHIEI'T AYAHBIH
TAPAJIYBI

Abuesa I'.C., TexHUKa FBUIBIMIAPBIHBIH KaHIWAATHI, KAYBIMAACTHIPbUIFaH podeccop
Mepren6aesa A.LLl., TexHUKa FEUIBIMAAPBIHBIH MarucTpi

Xanvikapanwix 6inim 6epy xopnopayusicel (KazbCKA kamnycol), Aimamet K., Kazaxcman
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Anparna. byn Makanmaza SKeNIETKIII TOpi3li aya aFbIHAApPBIH JKAaCaWTHIH TeOere OpHATBHUIFaH
I Qy3oprapasl KoJJaHa OTBIPBIN, TYPFBIH YHJIEpAETi jKeNIeTy >KoHe ayaHbl Oamray KyHenepiHaeri
ayaHbIH Tapajly epeKIIeNiKTepl KapacThIpbliagsl. ABTOpJAp JKEIIETY >KYHECiH aypeic sxobamay
FUMapaTTapAarkl CTAaHAAPTTH METEOPOJIOTHSUIBIK JKaFJaiiapabl KaMTaMackl3 eTy/IIH KUITI eKeHiH artal
oTTi. DUTHEC-OPTANBIKTHIH JKOFApFbl KAOATHIHIAFl JKATTHIFY 3aJIaPbIHBIH MBICATBIH/IA JKbUIIBIH KbUIbI
JKOHE CYBIK KEe3CHJICpiHIEe KBUTY JKOHE BUIFaNl alMacyblHa Tayjay kacanibl. JKpuly jKoHE BUIFAJIIBUIBIK
OaJlaHCBHIHBIH ecerTeyiiepiHe CYyHeHe OTBIPHIIN, OepUIreH ayaHbIH MAacCajblK JKOHE KOJEMIIK IIbIFBIHBI
AHBIKTAIJIbI, COHBIMEH KaTap aya TapaTKbIIITapAbIH CAaHbl MEH TYPl TaHIAJJIBL.

Kengerkim cantamanapsl Oap TebOenmik auddysopnapasl maiinanaHy KipeTiH ayaHbl OyKin
Oenmere Oipkenki TaparyFa MyMKIHIIK Oepermi, Oy xko0a ce3iMiH JKOSABl KOHE CIIOPTIICH
IYFBUIIAHYIIBIIAP YINIH KOJAMIBI JKarmald Jkacaiapl. ABTOpJap MyHAAal KYPBUIFBLIIAP OJapAbIH
JUaMEeTpiH, aya arbIHBIHBIH JKbULIaMABIFBIH JKOHE OeiMeZeri OpHalacyblH AYPBIC TaHAAaraHIa KOFapbl
TUIMJIUTIKKE M€ JIETeH KOPBITHIH]IBIFA KEJIC/ .

Tipexk ce3aep: XKennery, aya Tapaty, Te0e quddy3oprapsl, MUKPOKINMAT, ayaHbl KOHAULIUSIAY.
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