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Abstract. Effective provision of a comfortable indoor climate is a key requirement for modern
central air ventilation systems. These systems play an important role in creating a healthy and
comfortable environment for living, working or relaxing. Taking into account modern architectural
trends and design solutions, linear louver diffusers are becoming increasingly popular as air
distribution devices. Their aesthetic appeal allows them to be harmoniously integrated into interior
design, often making them central elements that emphasize the style of the room.

The design feature of linear louver diffusers lies in their specific structure: they have a small
width with a significant length, which distinguishes them from traditional compact diffusers of round
or square shape. This feature significantly affects the characteristics of the air jet formed by such
diffusers. During the operation of ventilation systems in air conditioning or air heating modes, linear
diffusers create unique air flows that differ from compact jets in their behavior, velocity and
temperature distribution. These differences must be taken into account at the stages of design,
adjustment and operation of ventilation systems in order to ensure their effective operation and
achieve an optimal microclimate.

Data obtained from computer modeling and experimental studies play a key role in the
development and optimization of ventilation systems with linear louver diffusers. Modeling allows
you to predict the behavior of air flows in different conditions, taking into account the geometry of
the room, the location of the diffusers and air parameters (temperature, humidity, flow rate).
Experimental studies, in turn, confirm theoretical calculations and allow you to refine the parameters
of the system. Thanks to an integrated approach that combines modeling and experiments, it is
possible to achieve high efficiency of ventilation systems, minimize energy consumption and ensure
a comfortable microclimate in the premises.

The use of linear louver diffusers also contributes to reducing noise exposure and uniform air
distribution, which is especially important for residential and public spaces. Proper selection and
adjustment of such diffusers allows you to avoid areas of air stagnation or excessive turbulence, which
can negatively affect the comfort of users. Thus, taking into account the features of linear diffusers at
all stages — from design to operation — is the key to creating effective and aesthetically attractive
ventilation systems that meet modern requirements for comfort and energy efficiency.
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Introduction. The requirements of current standards for the microclimate in rooms where
people are located are strict and require ensuring a high level of ventilation and air distribution quality,
the necessary temperature distribution and a comfortable microclimate [1, 2].

To ensure comfortable conditions in the room, air distribution devices operate in a non-
isothermal mode for a significant part of the time, i.e. the temperature of the air supplied from the
diffusers is different from the air temperature in the room [3, 4]. It is important in public and
residential premises with constant operation of ventilation systems to correctly calculate and adjust
the air distribution in such a way as to reduce the possibility of drafts in the rooms [5], to avoid the
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formation of stagnant zones and large differences in air temperature in the room [6].

One of the most effective and optimal solutions for small-sized rooms is the use of linear louver
diffusers [7][9]. Such diffusers ensure uniform distribution of heated or cooled supply air, supply of
a large amount of air [8, 9] with rapid attenuation of the axial velocity of the air in the jet [10, 11].
The use of linear slot diffusers allows for comfort in rooms [12], improve working conditions and
efficiency, reduce [13] the cost of operating ventilation systems [14] and energy consumption [15].

Studies of air distribution devices confirm that it is the use of linear slot diffusers that allows
for the best quality of air distribution in rooms and microclimate.

Analysis of the recent publications and research works on the problem. Many studies and
scientific articles in the past and present concern the operating characteristics of ventilation systems
and air distribution devices [16][26], which is very important for ensuring microclimate parameters
in premises for various purposes [6], 17, 18]. Studies are carried out using numerical simulations and
experimentally [19-21]. However, today a significant number of these studies concern vortex
diffusers [3, 22]. The operating parameters of linear slot diffusers are insufficiently studied, but
important because such diffusers are quite popular today [23, 24]. The studies described the
characteristics of air flows under isothermal conditions.

Due to the lack of generalized calculation methods for linear louver slot diffusers available on
the market, despite their similarity in appearance, they often have quite significant differences in
technical characteristics [5].

Known studies conducted using mathematical modeling consider flat and vortex air jets, but do
not describe rectangular ones, which are characterized by a small slot width and a relatively large
length. These studies were conducted based on the analysis of several modeling approaches, in
particular the k-& model, since they allow for fairly high-quality numerical modeling [6].

Therefore, the study of the parameters and characteristics of linear slot diffusers and the
formation of methods and determination of dependencies for their calculations, especially when
operating in non-isothermal conditions, which are an approximation to the actual operating
conditions, is important for energy-efficient and high-quality provision of the required microclimate
parameters in rooms and safe operation of such equipment [12, 25].

For linear slot diffusers, calculation and modeling of the temperature distribution and
attenuation in the jet is necessary, since these diffusers are used mainly in rooms of small volume and
at short distances from the area where people are staying [26].

The purpose of the article is to analyze the effectiveness of using linear slot diffusers in
ventilation systems operating in non-isothermal conditions and to investigate their aerodynamic
characteristics.

Research methodology. Using the methods of physical and mathematical modeling of air flow
motion based on jet flow equations, theoretical research methods were applied, thanks to which
calculated dependencies were obtained for determining the parameters of the air flow and geometric
parameters of the linear louver diffuser.

Using assumptions and simplifications, the results of experimental studies were also processed.
Based on the theory of similarity and modeling of scales for the conversion of physical quantities and
for visualization of the air flow structure and the structure of microjets, the results of these
experimental measurements were processed. A planning matrix was constructed for planning a
multifactorial experiment.

Presentation of research results. In ventilation systems of premises air distribution devices of
various designs are used. These devices, depending on their structure and purpose, have common as
well as significantly different operating characteristics.

Flat jets formed during the operation of louvered slotted linear diffusers are [3]:

— free, if such jets have no obstacles in their development;

— not free, if the development of the jet is affected by obstacles and surfaces of the premises;

— isothermal, the air temperature in the jet and in the room is the same;

—non-isothermal (heated or cooled), when the air temperature in the jet is different from the air
temperature in the room.
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Slotted linear diffusers have several flat slots and during their operation, the effect of interaction
of several parallel flat jets occurs at the outlet of the device, which leads to turbulization of the entire

air flow and a drop in temperature in the jet.

In non-isothermal flat jets, when heated air is supplied horizontally, there is a deviation of the
jet upwards, when cooled air is supplied, there is a deviation downwards due to the influence of

gravitational forces [24].

As a result of such a deviation of each flat microjet formed by each slot of the linear slot
diffuser, rapid mixing of the flows occurs, as shown in Fig.1. This leads to a sharper decrease in the

speed of the total jet formed by a diffuser of this type.
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Fig. 1. Thermal limits of microjets of a linear louvered slot diffuser:

TGB - thermal jet boundary; x — current longitudinal coordinate; X1 — coordinate of the start of
mixing of microjets; y — the amount of deviation from the jet axis to the slit axis; Slot 1...Slot N —

linear diffuser slots

The relationship between gravitational and inertial forces in non-isothermal jets and microjets

at the moment of air leakage is characterized by the Archimedes criterion Ar,:
g\/F—o'Ato
Ary = —="—"—

Voz'Tin ,
where g = 9.81 m/s?;
F,— nozzle area, m?;
At,— excessive initial temperature, Aty = ty — tin , K;
T;,, — absolute indoor air temperature, K, t;,, —indoor air temperature, °C;

V, — initial speed, m/s.

1)

In non-isothermal jets discharged horizontally, the excess temperature At, = t, —t;, iS

determined by the formula:
N
At, = —,

x
where x — current longitudinal coordinate;
N — thermal parameter:

054 [1, 1 _
N =l T Aty - [,
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where a — is the jet opening angle, @ = 12°25' , and tga = 0.22;
& — local resistance coefficient, & =1;
T, — absolute temperature at the nozzle outlet, K.
In calculations, to simplify them, the temperature damping coefficient during jet development

is used n:
054 [T, 1
T tgaNT, JE (4)
then the axial excess temperature At,:
At, =n-At, % ©)

X
n_n

Therefore, excess temperature At, = t, — t;, in any cross section "x" at a distance "y" from

the axis is determined by the formula:
At, = At - exp(—0.704y"), (6)

where or— turbulent Prandtl number, oy = 0.65 — 0.70;

y — current transverse coordinate, y = y /Cx — experimental constant, ¢ = 0.28.

The calculations use the relative values of excess temperatures, axial At, = At,/At, tand in
any cross-section At,, = At /At,.

Practical calculations of jets are performed using the formulas [24]:

ML =n- o L %
where, k,,- the coefficient of non-isothermality, for plane jets, is 1.13 (for heated) and 0.82 (for
chilled).

The research was conducted on the following experimental setup, which is schematically shown
in Fig. 2.

1

% %

Fig. 2. Experimental setup (schematically):
1 —fan; 2 — electric motor; 3 — air duct; 4 — control valve; 5 — flexible insert; 6 — air heater/cooler;
7 — linear slot diffuser; 8 — testo-405i thermoelectroanemometer

The experimental setup consists of a fan, a regulating throttle to set the required flow rate, an
air cooler and air heater, an air duct system that provides air supply and a linear louver diffuser, as
well as instruments for measuring air velocity and temperature.

The studies were conducted for different numbers of slots of the linear louver diffuser and
different slot lengths. The height of all slots was constant. The research process is shown in Fig. 3.
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a

Fig. 3. Field studies:
a — linear diffuser louvers; b — general view of the experimental setup; ¢ — measurement of
isothermal jet parameters; d — visualization of the jet with smoke

After processing the experimental data, the following dependence of the drop in the relative jet
temperature was obtained depending on the relative current coordinate Fig. 4.
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Fig. 4. Dependence of relative temperature on longitudinal coordinate At, = f () for linear slot
diffuser (° — experimental data)

According to the obtained results, which are shown in Fig. 3, it can be concluded that the heated
or cooled air flow leaving the louvered linear diffuser is turbulized faster than the air distribution
grilles. As a result, the velocity and temperature decay in the jet occurs faster and more actively. The
value of the temperature decay coefficient for the linear louvered slot diffuser is equal to n = 1.5 —
2.0, which is significantly smaller compared to such a coefficient for a conventional air distribution
grille, for whichn = 3.2.

ISSN 2786-6696 Modern construction and architecture, 2025, no. 13, page 117-124 121



UTILITY NETWORKS AND FACILITIES

Conclusion. The obtained dependences of the velocity decay as a result of the conducted
studies of non-isothermal flat jets formed in linear louvered slot diffusers allow to improve and
expand the existing methods of calculating air distribution devices.

It has been confirmed that with the joint interaction of several flat jets formed in linear louvered
slot diffusers, a 10 - 20 % sharper decrease in the air temperature in the jet is observed due to greater
turbulence of the air flow.

The temperature attenuation coefficient for the linear slot diffuser n = 1.5 — 2.0 allows it to be
used in ventilation systems with high air distribution conditions, without the occurrence of drafts in

the premises.
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BIIIrparoTh BaXKJIUBY POJIb Y CTBOPEHHI 3/I0POBOT0 Ta KOM(OPTHOTO CEPEAOBHINA JIJIsl TPOKUBAHHS,
poOOTH YM BIIMOYMHKY. 3 ypaxyBaHHSIM CYYaCHUX apXiTEKTYpHHX TEHICHIINW 1 TU3aliHEpCHKUX
pillieHb, JNHIAHI OKamo3iiHl  audy3opu  HaOyBarOTh Jenaii  OUIBIIOT  TOMYJSPHOCTI  SIK
TIOBITPOPO3NOIBHI MPUCTPOL. [XHA ecTeTHuHA MPUBAGIUBICTH JO3BOIAE TAPMOHIHO iHTErpyBaTH
iX y nu3aiiH iHTep’€py, 4acTo poOISiuM iX HEHTPaIbHUMH €leMEHTaMH, 10 MiJAKPECIIOI0Th CTUIIb
MPUMIIICHHS.

KoHcTpykTHBHA OCOOIUBICTD JIHIMHUX KATIO31MHUX AU(Y30piB MoJsATae B iXHiM crienudianiin
OyZOBi: BOHM MalOThb Mally MIMPUHY MpPU 3HAYHIN JOBXKHHI, IO BIAPI3HSAE iX BiA TpajauLIAHUX
KOMIIAaKTHUX Tu(Yy30piB Kpyriaoi uu kBajapaTHoi ¢opmu. g ocoOnuBiCTh CYTTEBO BILIMBAE Ha
XapaKTePUCTHKH TMOBITPSHOI CTPYMUHH, siKa GopMyeTbes Takumu audyzopamu. Ilix yac pobotu
BEHTWIALIMHUX CHCTEM Y PeKHMaX KOHJIUIIOHYBaHHS 200 IMOBITPSHOTO OTaJICHHS JIIHIMHI AU Yy30pH
CTBOPIOIOTHh YHIKaJIbHI MOBITPSHI MOTOKH, IO BiAPI3HSAIOTHCS BiJl KOMIAKTHUX CTPYMHUH 32 CBOEIO
MOBE/IIHKOO, PO3MOJILJIOM IIBUIKOCTI Ta Temneparypu. Lli BigMiHHOCTI HEOOX1JHO BpaxoByBaTH Ha
eTarnax MpOEKTYBAaHHS, HAJAIITYBAaHHS Ta EKCIUTyaTallii CHCTeM BeHTWISAMLIT, 11100 3a0e3neunTH IXHI0
e(eKTUBHY pOOOTY Ta JOCATTH ONITUMAIBHOTO MIKPOKJIIMATY.

Jani, oTpumaHi B pe3yibTaTi KOMII FOTEPHOTO MOJICTIOBAHHS Ta EKCIEPUMEHTATBHHUX
JIOCJTIJDKEHb, BITITPAIOTh KJIOYOBY POJIb y PO3poOIl Ta ONTHUMI3alii BEHTHIAIMHUX CHCTEM 13
THIMHUMHE KaMO31MHUMHU  Tudy30opaMu. MoJenoBaHHsL JI03BOJISIE MIPOTHO3YBATH TTOBEAIHKY
MOBITPSIHUX IOTOKIB y PI3HUX YMOBaX, BPaXxOBYIOUM TI'€OMETPII0 MPHUMIIICHHS, pPO3TallyBaHHS
1Qy30piB 1 mapamMeTpH MOBITPs (TEMIIEpaTypy, BOJIOTICTh, HIBUIKICTh MOTOKY). ExciepuMenTanbHi
JOCTIPKEHHS, Y CBOIO 4epry, MiATBEPIKYIOTh TEOPETUYHI PO3PAXYHKH Ta JIO3BOJISIIOTH YTOUHHUTHU
napaMeTpu poOOTH CHUCTEMHU. 3aBISKH KOMIUIEKCHOMY IiJIXOAy, IO TMOEIHYE MOJCIIOBAHHS Ta
EKCIIEPUMEHTH, MOXXHAa JOCSITTH BHCOKOi €()EKTUBHOCTI BEHTWIAIIMHUX CHCTEM, MIiHIMI3yBaTH
€HEepProCIOKUBAHHS Ta 320€31eUnTH KOM(POPTHUNA MIKPOKIIIMAT y MPUMILIICHHSX.

BuxopuctanHs JTHIAHUX SKAIO31MHUX TU(Y30piB TAKOXK CIPHUSE 3HIKCHHIO ITyMOBOTO
BIUIMBY Ta PIBHOMIPHOMY PO3IOALTY HOBITPSL, 110 OCOOIUBO BAXKIIUBO JJIS JKUTJIOBHUX 1 IPOMAJICBKUX
npuMmiiieHb. [IpaBunpHuil miabip 1 HaNMAITYBaHHS TakUX AU(Y30piB JT03BOJISIIOTH YHUKHYTH 30H
3aCTOI0 TOBITPS YM HAAMIpHOI TypOYJEHTHOCTI, 110 MOXXE€ HEraTUBHO BIUIMBATH Ha KoMopT
KopucTyBayiB. TakiM YMHOM, BpaXyBaHHSI 0COOJIMBOCTEH JTIHINHUX AU(Y30piB HA BCIX €Tanax — Bij
MIPOEKTYBAHHS 10 €KCIUTyaTallii — € 3alopyKor0 CTBOPEHHS €()eKTUBHUX 1 €CTETHYHO MPUBAOIMBHX
BEHTWIAIIIMHUX  CUCTEM, 5Kl  BIANOBIIAIOTH Cy4YacHMM BHMoOraM 10 KoMdopTy Ta
eHeproeeKTUBHOCTI.

KurouoBi cioBa: Mikpokiimar, TEIUIOBUA KOMQOPT, MIOCKUI CTpyMiHb, Iojada MOBITPS,
TypOyJ1i3ailis HOBITPSIHOTO MOTOKY.
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