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The article investigates the improvement of air distribution efficiency in a room when using a
linear diffuser as an air distribution device. Linear diffusers allow to provide comfortable conditions in
the room.

The paper analyzes some characteristics of the air flow formed when using linear diffusers. The
influence of the geometric parameters of the diffuser on the quality of the microclimate is considered, in
particular, such characteristics as jet boundaries and velocity profiles in the jet cross-sections are
considered. Numerical modeling allowed to determine the optimal operating modes of such diffusers
and evaluate their efficiency.

Experimental studies confirmed that linear diffusers contribute to a more uniform distribution of
supply air. The results obtained can be used to optimize and improve ventilation systems in buildings,
which will contribute to increasing energy efficiency and reducing operating costs.
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Introduction

Modern regulatory requirements for the indoor environment (Kapalo et al., 2014) set high standards
for the quality of ventilation and air distribution (Voznyak et al.,2022), uniformity of temperature
(Myroniuk et al., 2024) and ensuring a comfortable microclimate (Borowski et al., 2023). In conditions of
intensive use of premises, especially office, public and industrial, effective control of air flow movement
becomes critically important (Voznyak et al., 2020). One of the important aspects for this is the uniformity
of air distribution (Jaszczur et al., 2016) without the formation of stagnant zones (Sukholova et al., 2011)
or excessive temperature drops (Voznyak and Myroniuk et al., 2022).

Ventilation systems with traditional air distribution devices (Voznyak, 2020) often do not provide
the necessary uniformity of air distribution (Voznyak et al.,2023), avoid the formation of overheating or
excessive cooling zones (Janbakhsh, and Moshfegh, 2014), as well as prevent local drafts (Srebric, and
Chen, 2002). This leads to a decrease in comfort in the premises (Allmaras et al., 2012), deterioration of
working conditions and even possible negative consequences for human health (Dovhaliuk et al., 2018), in
particular the development of respiratory diseases and a general decrease in working capacity (Gumen et
al., 2017). In addition, inefficient use of ventilation and air distribution systems causes increased energy
consumption (Voznyak et al. 2023), which increases the costs of heating, air conditioning and ventilation
(Voznyak, 2020).

Linear slot diffusers are one of the promising solutions for improving the efficiency of air
distribution (Voznyak, 2022). Due to their design, they provide uniform and controlled air distribution
(Sukholova et al. 2011), which helps to reduce local temperature fluctuations and reduce the risk of drafts
(Srebric, and Chen, 2002). They allow to achieve higher energy efficiency of ventilation systems
(Voznyak, 2020), as they ensure optimal mixing of air masses and help to reduce heat or cold losses.

Studies in the field of ventilation and air distribution (Janbakhsh, 2014) show that the use of linear
slot diffusers allows to significantly improve the quality of the microclimate in rooms (Borowski et al.,
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2023). In particular, experimental and numerical simulations (Voznyak, 2020) show that such diffusers
provide effective control over air flows (Gumen et al., 2017), which is important for maintaining
comfortable conditions in rooms for various purposes (Sukholova et al. 2011).

Materials and Methods

The purpose of this article is to analyze the effectiveness of using linear slot diffusers in ventilation
systems, determine the optimal parameters of their operation and assess their impact on the uniformity of
air distribution in rooms, as well as to investigate the aerodynamic characteristics of a linear slot diffuser
(LSD). The study uses numerical modeling methods (Srebric, and Chen, 2002) and experimental
measurements (Voznyak, 2020), which allows us to substantiate recommendations for the design of
ventilation systems using louvered slot diffusers to improve comfort and energy efficiency.

Today, many ventilation systems use louvered linear diffusers (Voznyak et al., 2022) with two or
more slots as air outlet devices. Linear diffusers, when operating in supply ventilation, air conditioning and
heating systems, form flat air jets (Borowski et al., 2023).

Such air jets are:

- Free (Voznyak, 2020), if such air jets have no obstacles in their development;

- Non-free (Voznyak, 2020), if their development is influenced by the surfaces of the premises;

- Isothermal (Voznyak et al. 2023), if the air jet temperature coincides with the air temperature in the
room;

- Non-isothermal (Voznyak et al. 2023), (heated or cooled), if the temperature of the jet exiting the
nozzle does not coincide (higher or lower) with the room temperature;

- Laminar (Sukholova et al. 2011) (criterion Re < 2300);

- Turbulent (Sukholova et al. 2011) (Re > 10,000).

Flat air jets, similarly to compact ones, have a jet core — this is a flow area with constant air velocity
and temperature, a jet pole (JP), which is the vertex of the conditional outer boundaries of the jet passing
through it and through the boundaries of the louvered linear diffuser (Kapalo et al., 2014; Voznyak et al.
2023; Sukholova et al. 2011).

It is reasonable to propose a hypothesis that the presence of several flat slots in the LSD causes the
interaction of flat jets at the exit of the device, which leads to significant turbulence of the air flow.

Conditional jet boundary
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Fig. 1. Scheme of a free jet development
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Results and discussion

The velocity v,, in any cross section "x" at a distance "y" from the axis of the plane jet is determined
by the Schlichting’s formula:

y\157?
vy=vx[1—(ﬁ) ] : (D)
where vy and vy are axial and transverse air velocity respectively.

It is advisable to use relative values of velocities, axial v, = v,/v,and in any cross section
Uy, = v, /y. Inthis case:

— 0,48
Eaicyvel (2
where a = 0,078; d. — equivalent nozzle diameter.

In non-isothermal flows, the relationship between gravitational and inertial forces at the moment of
outflow is characterized by the Archimedes criterion Ary:
where g = 9,81 m/s?; F,— nozzle area, m?; At,— excessive initial temperature, Ato=1, - tin, K; Tin— abso-
lute indoor air temperature, K; V, — initial speed, m/s.

Depending on the value of Ar,, tidal jets are conventionally divided into non-isothermal-A, when the
influence of gravitational forces on them is not significant, and non-isothermal-B, where the influence of
gravitational forces is significant.

In non-isothermal-A jets emitted horizontally, the excess temperature Aty = ty - tin is determined by

the formula:
N

At, = e 4)
wherex — current longitudinal coordinate; N — thermal parameter:
0,54 |Tiu, 1
N=7 T_O"*_ﬁ'AtO"/FO' ®)

where a — jet opening angle, o = 12°25', and tgo = 0,22; & — local resistance coefficient, £ =1; 7, — abso-
lute temperature at the nozzle outlet.
For convenience of calculations, the temperature damping coefficient is introduced n:
054 [Tin 1

n= tga T_O 4_\/?' (6)
and axial excess temperature Az, :
Ate=n-at,- L. 0
Therefore, the excess temperature Az, = t, — tin In any cross section "x" at a distance "y" from the axis:
At,=At,- exp(—0,70T72), (8)

where or — turbulent Prandtl number, ot = 0,65 + 0,7 for compact jets; Y — current transverse coordinate,

Y = y/cx — experimental constant, ¢ = 0,28.

Often use relative values of excess temperatures, axial 4 t, = 4 t,./4 t, and in any cross section
At,=At,/At,.

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

The experimental setup consisted of a laboratory fan, air ducts, a flexible insert, a diffuser with a
wall opening angle a = 12°25' and the studied louvered linear slot diffuser. The experiments were
conducted for different numbers of diffuser slots and different slot lengths. The height of the slots was
recorded. The actual setup in laboratory conditions where the experiment and measurements were
performed is shown in Fig. 3.

As a result of the conducted studies, the dependence of the relative transverse velocity can be
displayed as follows (Fig. 4).
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Fig.2 Scheme of the experimental setup - 1 — centrifugal fan; 2 — electric motor; 3 — air duct; \
4 — control valve; 5 — flexible insert; 6 — linear slot diffuser; 7 — testo-405 thermal electrical anemometer.

Fig. 3. Photo of the experimental setup: a) — general view of the setup;
b) — linear slot diffuser with one open slot, mounted in the experimental setup;
¢) — measurement process; d) — operation of the setup with different
combinations of open slots.
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Fig.4 shows that the air flow is properly turbulized, the

Yy 1 - velocity decay in the jet occurs intensively. Fig.4 shows the
08 . Y peculiarities of the velocity profile caused by the specifics of
0.6 \ the device design.

04 Based on the measurements, it is possible to construct
02! S the boundaries of the jet in two projections Fig 5. The jet

boundaries are plotted for A =17 mm, B = 1000 mm.

The use of louvered linear diffusers allows you to
significantly expand the supply air supply range with a single
device.
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Fig.4. Dependence v, = f(y)) for a plane jet
of a linear slot diffuser

a b
Fig.5. Jet boundaries: a) — plan; b) longitudinal profile.

Conclusions

1. The results obtained confirmed the proposed hypothesis that the interaction of flat jets at the outlet
of the louvered linear slot diffuser leads to significant turbulence of the air flow

2. The interaction of jets at the outlet of the device leads to a sharper decrease in the axial velocity of the
supply jet by 10 - 20% depending on the current coordinate compared to conventional air distribution grilles.

3. Louvered linear slot diffusers allow to ensure the supply of the required amount of supply air to a
small volume room without creating drafts.

4. The design feature of the device causes a specific velocity profile in the cross-section of the air jet.
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VY cTarTi A0CHiKYETCS MiIBULIEHHS e()eKTHBHOCTI ITOBITPOPO3IIO/ILTY B IIPUMIIIEHHI IPH BUKOPHUCTAaHHI B
SAKOCTI TOBITPOPO3AI0YOTO IIPHUCTPOIO JKATIO3IHHOTO JIHIHHOTO IMiTMHHOTO andy3opa. BpaxoByroum cydacHi
BUMOTH JI0 BEHTIIALIHIX CHCTEM, 3a0e3NeUeHHS PIBHOMIPHOTO PO3IIOUTY TTOBITPS, ONTUMAIEHOTO MIiKPOKIIIMATY
Ta €HeproeeKTMBHOCTI € KIIOYOBMMHM Ta BH3HAYAIBHUM 3aBJAaHHSAMH IIPU TPOEKTYBaHHI Cy4acCHHX
eHeproe()eKTUBHMX CHCTEM BEeHTWIAMIi. JKasro3iiHi JiHiiHI mimMHAI 1rdy30pH MarOTh HU3KY IHepeBar, 30KpeMa
3[aTHICTh PIBHOMIPHO PO3CIIOBATH TOBITPSHMII MOTIK, ITOKpANIyBaTH pPiBeHb TYpOYJIEHTHOCTI Ta CTBOPIOBATH
KOM(OPTHI YMOBH y TIPUMILIIEHH] 0€3 BUHUKHEHHS 30H Ha/IMIPHOTO OXOJIO/KEHHSI UM IIEPeTpiBY.

VY miif cTarTi MpOBEEHO aHaNi3 OCHOBHHX XapaKTEPHUCTHK MOBITPSHOTO MOTOKY, IO (DOPMYETHCS TPH
BUKOPHCTaHHI JKAO3IMHNX JHIMHAX MUMMHANX AuQy30piB. PO3rIIHYTO BIUIMB TEOMETPHYHHX IapamMeTpiB
JuQy30pa, MIBUAKOCTI TMojadi MOBITPS B Au(QyY30p Ta pO3TAllyBaHHS BEHTWIILIHHUX IPUCTPOIB HA SKICTh
MIKpOKJIIMaTy, 30KpeMa pPO3IVIIHYTO TaKi XapaKTEePUCTHKH, SIK TPAaHULI CTPyMHHHM Ta Npodim MIBUIAKOCTEH B
niepepizax CTpyMHHH, 110 (POPMYIOTBCS JKATFO3IHHIMHE JTiHIHHUMY IUTMHHAME Irdy3opaMil. BukoprcTaHHs METomiB
YHCENBHOTO MOJICIIOBAHHS a0 3MOI'Y BM3HAUUTH HAWOUIBII ONTHMATIbHI PEKUMH POOOTH Takux AUQy30piB Ta
OI[IHUTH 1X ¢(PEKTUBHICTH MOPIBHSHO 3 TPAUIIIHHAMHU CHCTEMaMH T0/Iavi Ta PO3MOJILUTY MPUILTHBHOTO MOBITPSI.

ExcrieprMeHTanbHI TOCTIDKEHHS MIATBEPAMIIHN, IO SKATIO3iiHI JHIAHI IMUTMHHI TU(Y30pH COPHSIOTH
OLTBII PIBHOMIPDHOMY pO3MNOAULY TEMIIEpaTypH, 3MEHIICHHIO PU3MKY YTBOPEHHS MPOTSTIB 1 IMOKpAIIeHHIO
3arajibHOrO piBHS Komdopry y mnpuminieHHi. OTpHMaHi €KCIIEpUMEHTANIbHI PE3YJIbTaTH  MiJATBEPIKYIOTh
TeopeTnyHi maHi. OTpuMaHi pe3yiabTaTH MOXYTh OyTH BHKOPHCTaHI IJISl ONTHMI3AIli BEHTWIAIMHUX CHCTEM Yy
JKUTIIOBUX, O(iCHAX 1 MPOMUCTIOBUX OYMIBISIX, IO CIPUATAME MiIBUIICHHIO €HEProepeKTHBHOCTI Ta 3HIKCHHIO
eKCIUTyaTaliiHUX BUTpAT.

KarouoBi cjioBa: moBiTpopo3nofinenHsi, MI0CKUii cTPpyMiHb, IIBHAKICTH MOBITPsA, Meka CTpyMeHs,
JiHiiHu# Audy30p, TypOy.Tizalis MOBITPSHOT0 MOTOKY
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