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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.
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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\1.57?
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
Vx = 22+0.145 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=t, — 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 At = t, — tin iS determined by the
formula:

N

At, = g (4)
wherex — current longitudinal coordinate; N — thermal parameter:
0.54 [Tiy; 1
N=< T_O"*_ﬁ'AtO"/FO' (%)

where o — jet opening angle, a = 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:
0.54 [Ty 1

n= tga T_O * 4_\/?1 (6)
and axial excess temperature Az,:
Ate=n-at,- 12 0
Therefore, the excess temperature Az, = t, — tin in any cross section “x” at a distance “y” from the axis:
At,=At,- exp(—0.70T§2), (8)

where 67— turbulent Prandtl number, ot = 0.65 + 0.7 for compact jets; Y — current transverse coordinate, Y

= ylcx — experimental constant, ¢ = 0.28.

Often use relative values of excess temperatures, axial 4 t, = A t,./A t, and in any cross section
At,=A4t,/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 o, = 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 aresult 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

c

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

yo14 velocity decay in the jet occurs intensively. Fig. 4 shows the
0.8 1 peculiarities of the velocity profile caused by the specifics of
06 | the device design.
0.4 Based on the measurements, it is possible to construct
021 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
Fig. 4. Dependence v,, = f(y)) for a plane significantly expand the supply air supply range with a single
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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.

References

P. Kapalo, A. Sedlakova, D. KoSicanova, O. Voznyak, J. Lojkovics, and P. Siroczki (2014). “Effect of ventilation
on indoor environmental quality in buildings,” in The 9th International Conference on Environmental Engineering,
Selected Papers, Vilnius, Lithuania, May 22-23, CD 265. elSSN 2029-7092/eISBN 978-609-457-640-9

Voznyak, O., Savchenko, O., Spodyniuk, N., Sukholova, I., Kasynets, M., & Dovbush, O. (2022). Air
distribution efficiency improving in the premises by rectangular air streams. Pollack Periodica, 17(3), 111-116.
https://doi.org/10.1556/606.2021.00518

Myroniuk, K., Voznyak, O., Savchenko, O., Sukholova, 1., Dovbush, O. (2024). Attenuation Coefficients of the
Air Distributor with the Interaction of Opposing Non-coaxial Air Jets. In: Blikharskyy, Z., Zhelykh, V. (eds)
Proceedings of EcoComfort 2024. EcoComfort 2024. Lecture Notes in Civil Engineering, vol. 604. Springer, Cham.
https://doi.org/10.1007/978-3-031-67576-8_35

Borowski, M., Zwolinska, K., & Halibart, J. (2023). Air Distribution Assessment-Ventilation Systems with
Different Types of Linear Diffusers. https://www.aivc.org/sites/default/files/1_C28.pdf

Voznyak O., Spodyniuk N., Yurkevych Yu., Sukholova I., Dovbush O. (2020). Enhancing efficiency of air
distribution by swirled-compact air jets in the mine using the heat utilizators. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, No. 5(179), 89-94. DOI: 10.33271/nvngu/2020-5/089


https://doi.org/10.1556/606.2021.00518
https://doi.org/10.1007/978-3-031-67576-8_35
https://www.aivc.org/sites/default/files/1_C28.pdf

Improving the Efficiency of Air Distribution in a Room with a Linear Slot Diffuser 111

Jaszczur M., Branny M., Karch M., Borowski M. (2016). Experimental analysis of the velocity field of the air
flowing through the swirl diffusers. J. Phys.: Conf. Ser., 745:1-9. DOI: 10.1088/1742-6596/745/3/032049.

Sukholova, 1., Voznyak, O., Myroniuk, K. (2011). Indoor air distribution and creation of a dynamic
microclimate. Theory and Building Practice (in Ukrainian). https://ena.lpnu.ua/handle/ntb/19456

Voznyak, O., Myroniuk, K., Spodyniuk, N., Sukholova, 1., Dovbush, O., Kasynets, M. (2022). Air distribution
in the room by swirl compact air jets at variable mode. Pollack Periodica, 17(3), 117-122. http://dx.doi.org/
10.1556/606.2022.00515

Voznyak O. (2020) Experiment Planning and Optimization of Solutions in Ventilation Technology: monograph.
Lviv: Lviv Polytechnic National University, 220 p. (in Ukrainian). ISBN: 978-966-553-982-7

Voznyak, O., Sukholova, I., Spodyniuk, N., Kasynets, M., Savchenko, O., Dovbush, O., & Datsko, O. (2023).
Enhancing of ventilation efficiency of premise due to linear diffuser. Pollack Periodica, 18(2), 107-112. https://doi.org/
10.1556/606.2023.00750

Janbakhsh, S., & Moshfegh B. (2014). Experimental investigation of a ventilation system based on wall
confluent jets. Building and Environment, Vol. 80, 18-31. https://doi.org/10.1016/j.buildenv.2014.05.011.

Srebric, J., & Chen, Q. (2002). Simplified Numerical Models for Complex Air Supply Diffusers. HVAC&R
Research, 8(3), 277-294. DOI: 10.1080/10789669.2002.10391442.

Allmaras, S. R., Johnson, F. T., & Spalart, P. R. (2012). Modifications and clarifications for the implementation
of the spalart-allmaras turbulence model ICCFD7-1902. 7th International Conference on Computational Fluid
Dynamics, Hawaii. http://www.iccfd.org/iccfd7/assets/pdf/papers/ICCFD7-1902_paper.pdf

Dovhaliuk, V. et al. (2018). Simplified analysis of turbulence intensity in curvilinear wall jets. FME
Transactions, 46, 177-182. doi.org/10.5937/fmet 1802177D.

Gumen, O. et al. (2017). Geometric analysis of turbulent macrostructure in jets laid on flat surfaces for
turbulence intensity calculation. FME Transaction, 45, 236-242. DOI: 10.5937/fmet1702236G.

O. T. Bo3usik, 5. P. Yemepuncokiuii, I. €. Cyxoaoa, M. €. Kacunens, O. O. CaBueHko
Hamnionanenuit yHiBepcutet “JIpBiBChKa MOMITEXHIKA”,
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NIIBUINEHHA E@EKTUBHOCTI ITIOBITPOPO3NOALTY
B IPUMIIIEHHI JHIHIVHUM IIJIMHHUM JIJA®Y30POM
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VY crarTi IOCIIPKEHO MMTiIBUIIEHHS €(heKTHBHOCTI OBITPOPO3MO/IUTY B IIPUMIILEHHI Y Pa3i BUKOPHCTAHHS SIK
TIOBITPOPO3JABATFHOTO PHCTPOIO YKATIO31HHOTO JIIHIHOTO MiMMHHOTO Iudy30pa. BpaxoByroun cydacHi BUMOTH 0
BEHTIIILIITHIX CHCTeM, 3a0e3MedeHHs pIBHOMIPHOTO PO3IOALTY HOBITpPS, ONITHMAIHLHOTO MIKPOKIIIMATy Ta €Hepro-
e(eKTUBHOCTI € KIIFOYOBMMHM Ta BU3HAYAJILHUM 3aBJaHHSMU ]| Yac MPOEKTYBAHHS CY4acCHUX €Heproe(eKTUBHIX
CHCTEM BEeHTWIIALII. JKasro3iiHi JiHIiHI IMHHI rdy30pH MalOTh HI3KY IIepeBar, 30KpeMa 31aTHICTh pIBHOMIPHO
PO3CitOBaTH TOBITPSIHUMA TOTIK, IMiABWIIYBAaTH pPiBeHb TypOYIEHTHOCTI Ta CTBOPIOBATH KOM(MOPTHI yMOBH Yy
MPUMILEHH]I 03 BUHUKHEHHSI 30H HA/IMIPHOTO OXOJIOKEHHS Y1 NIeperpiBaHHsI.

VY cratTi npoanHai3oBaHO OCHOBHI XapaKTEPHCTHKH MOBITPSHOTO MOTOKY, IO (POPMYETHCS y Pa3i BUKOPHCTAHHS
JKATIO3IMHAX JIHIMHIX IMUTMHANX JH(Y30piB. PO3ITIMHYTO BIUIMB T€OMETPUYHMX MapamMeTpiB audy3opa, MBHIKOCTI
TIO/IaBaHHs MOBITPS y JU(Y30p Ta PO3TAIIyBaHHS BEHTILILIMHMX HPUCTPOIB Ha SIKICTH MIKPOKIIIMATY, 30Kpema
PO3IVISIHYTO TaKi XapaKTEPUCTUKH, sIK TPAHMUIIl CTPYMUHH Ta TpoQijli MIBUAKOCTEH y mepepizax CTpyMHUHH, 0 (op-
MYIOTBCS KAITFO31HHUMU JIHIMHUMH IIUTHHAENMEA Tudy30pamu. BUukoprcTaHHS METOAIB YHCIOBOTO MOJICTIIOBAHHS JAJI0
3MOTY BU3HAYUTH HAHONTHMAIBHIIIT PEXXUMHI POOOTH TaKUX AU(Y30pIiB Ta OLIHUTH TXHIO €(h)eKTHBHICTH MOPIBHSHO i3
TPaAULIHHAMYI CUCTEMaMH TTOIABAHHS Ta PO3IIOJIUTY IIPUILTMBHOTO TTOBITPSL.

ExcrieprMeHTanbHI TOCTIHKEHAS MIATBEPAMIIHN, IO SKATIO3iiHI JHIAHI IMUTMHHI TU(Y30pH COPHSIOTH
PIBHOMIPHIIIOMY PO3MO/UTY TEMIIEPaTypH, 3MEHILECHHIO PU3UKY YTBOPEHHS MPOTATIB 1 MiIBHUIIEHHIO 3arajbHOTO
piBHS KoM(opTy B npuMitneHHi. OTpuMaHi eKCIIepUMEHTANIbHI Pe3yJIbTaT! MiATBEpKYIOTh TeopeTryHi nani. Li
Pe3yABTaTH MOXKYTh OyTH BHKOPHCTAHI I ONTHMIi3amil BEHTHIAIIMHIX CHCTEM Y KHUTJIOBUX, OQICHHUX 1 TIPOMHC-
JIOBHX OYIIBIISIX, IO CIIPUSATHME ITiABUIICHHIO €HEeproe()eKTUBHOCTI Ta 3HIKEHHIO EKCIDTyaTaliifHIX BUTPAT.

Konro4osi ciioBa: moBiTpopo3nofinenHsi, MI0CKUi CTPyMiHb, IIBUAKICTH MOBITPA, Meska CTpPyMeHs,
JiHiiHu# qudy30p, TypOy.Tizalisi MOBITPSHOTO MOTOKY.
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