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The effective operation of ventilation systems depends on how its components are correctly
calculated and selected accordingly. However, it happens that the actual and calculated parameters of
operation often differ, especially in cases where linear louver diffusers are used. Such a difference in
characteristics arises from the fact that, usually, formulas and nomograms for the selection of linear
diffusers are built for conditions when the jets are free, in actual operating conditions the jets are not free.

This article considers the influence of the enclosing structures of the room on the jet formed by a
linear louver diffuser. Such devices have a small width with a significant length of the air outlet slots,
which affects the characteristics of the jet. Such features of the operation of these diffusers must be taken
into account at the stages of design, operation, and adjustment to ensure optimal microclimate parameters.

Keywords: microclimate, thermal comfort, flat jet, compressed jet, air distribution; air flow
turbulence.

Introduction

Today, there are many studies describing the development and characteristics of free jets
(Chemerynskyi & Voznyak, 2025) and non-free jets (Borowski et al., 2023). Free jets are those that are not
affected by the surrounding enclosing structures and other obstacles (Voznyak, Bokhan et al., 2025). Non-
free jets are those that are significantly limited by the surrounding enclosing structures of the room or other
objects located in it and are also affected by adjacent jets or air flows (Voznyak, Chemerynskyi et al., 2025).
The first case concerns rooms of considerable size and large volume compared to the size of the jet formed by
the supply device. The second case, on the contrary, occurs in rooms of very small size and volume. Both
cases are not common. The most common are semi-free jets, which occur during the operation of ventilation
systems in rooms. Semi-free jets are formed when they are partially affected by enclosing structures, other
obstacles and adjacent jets and air flows. Such an impact causes deformation of the jet development and its
transverse and longitudinal velocity fields, as well as curvature of the jet axis. This in turn affects the
microclimate parameters and comfortable conditions in the premises (ASHRAE, 2023).

The position of the supply and exhaust openings relative to the surrounding obstacles and in relation to
other supply and exhaust devices (Cao et al., 2011) is important for the correct development of jets of linear
louver diffusers (Alkhalaf et al., 2024), since unlike conventional round jets, jets in a linear diffuser have a
specific structure (Yu et al., 2003). The considerable length with a small width of the air outlet slots of a
linear louver diffuser causes a sharper impact in comparison. And the efficiency and correctness of such a
diffuser depends significantly on its location relative to surrounding obstacles.

The most studied air flow pattern to date are compressed jets (Eraslan et al., 2023), which develop
according to a dead-end pattern, that is, a pattern where the supply and exhaust openings are located in the
same plane. In this case, the initial volume of air, having reached the opposite plane, turns around and moves
in the opposite direction towards the main flow.

Today, there are many studies (Borowski et al., 2019) of the characteristics of the development of jets
formed by a linear louver diffuser in rooms for various purposes, in particular, work has been studied even in
operating rooms (Both et al., 2017; Park, 2013; Keshtkar & Nafteh., 2016) using the CFD modeling method
(Law & Valdez, 2014; Voznyak et al., 2025; Yau et al., 2018).
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In ventilation systems, flow patterns of non-free jets are also quite common, when the exhaust
openings are located on the opposite side of the room from the supply opening (Chow & Wong, 1994). With
such a scheme, the air volume is removed from a confined space and does not participate in the movement
towards the supply flow (Sheng et al., 2023). When choosing and designing a method for organizing air
distribution, the specifics of the room, its purpose, structural and architectural features, location and
dimensions of sources of heat, moisture and harmful gases, the level of requirements for maintaining the
necessary design parameters of the microclimate should be taken into account (Vozniak et al., 2015). This
approach allows you to obtain optimal indoor air conditions and the most efficient use of energy resources
(Voznyak et al., 2020; Voznyak et al., 2023).

Materials and Methods

To determine the regularity of development and semi-compressed jets, studies of axisymmetric jets
with a dead-end and flow pattern of air volume movement were conducted (Li et al., 2017), as well as with
partial influence of the surrounding walls of the room and obstacles (Erdogan et al., 2024; Zhang et al.,
2025). Studies were also conducted to determine the influence of the location of the exhaust and supply
devices on the development of jets.

The air was released through the slots of a linear diffuser in the amount of one to four and with a slot
length of 1.0 m. In the studied diffuser, the slot width was 17 mm. The release was carried out into a limited
laboratory room that also had obstacles in the way of the development of the jet boundary.

CST

Parameter value dF—, which characterizes the relative dimensions of the inlet opening, in the
d

experiment was 220; 110; 73 and 5,
where F,,, — cross-sectional area of the room in which the semi-compressed jet develops, m?;
dpq — hydraulic diameter, m.
Based on the research results, graphs of velocity fields in the jets of a linear louver diffuser at different
relative distances from the diffuser were constructed (% = 1;2; 3 and 4) and determining the air flow rate in

the jet.
It has been proposed (Voznyak, 2010) to take into account the difference in the rate of decrease of
axial velocities in free and semi-compressed jets by introducing a compression coefficient in terms of

velocity K,¢j = Z—" where v, — velocity at a specific point of a compressed jet, m/s; v, — velocity in a
X

defined precise free jet, m/s.

Similarly, the coefficients for the flow rate in a semi-compressed jet are introduced.

The values of the compression coefficients of semi-compressed jets developing in rooms where there
is a partial influence of surrounding enclosing structures and other obstacles according to the dead-end
scheme, obtained on the basis of field studies, are shown in Fig..
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It is obvious that in cases where the maximum flow rate in a semi-compressed jet significantly exceeds
the initial air flow rate in a linear louver diffuser, the influence of the air flow pattern in the room will be
insignificant. As can be seen from Fig. 1, for axisymmetric jets, the pattern of their development does not

actually affect the value of the compression ratio at the values of the parameter —V;C" = 220. Conversely, at a
hd

relatively small relative flow rate in a semi-compressed jet, the influence of the jet motion scheme has a
significant effect and this influence increases with an increase in the relative size of the inlet openings of the
linear louver diffuser.

Results and discussion

Let us analytically establish the difference in the values of the compression coefficients at the speed of
dead-end and flowing semi-compressed jets (Borowski et al., 2021). The longitudinal velocity components in
a semi-compressed jet are smaller than in a free jet by the amount of the “velocity shift”, which is the same in
each cross section, but varies from section to section. The friction that occurs during the movement of air near
the limiting surfaces and existing obstacles and the thickness of the near-wall boundary layer are not taken
into account. The analytical reflection of these prerequisites is the equation:

v =V — vy, 1
where v — velocity in an arbitrary coordinate of a free jet, m/s; v,s — velocity on the axis of the free jet,
m/s.

According to equation (1), the value of the compression ratio for a dead-end or flowing jet can be
determined from the equation:

_ pefdf _ vy _ 4 _ v
Koej = Kegj /=35 =1-=—, )
where Ksec’; — velocity compression ratio for jets developing according to a dead-end pattern; KS‘Z. — velocity
compression ratio for jets developing according to a flow diagram; v,ff — velocity shift in a semi-compressed

jet developing in a dead-end pattern, m/s; vxdf — velocity shift in a semi-compressed jet developing along a

flow pattern, m/s

The magnitude of the velocity shift is determined from the continuity equation, which implies that the
total air flow rate in each cross-section of the jet in a dead-end scheme is zero, and in a flow-through scheme
of air movement it is equal to the transit (initial) air flow rate.

For axisymmetric jets, the continuity equations can be shown in the following form:

D
2m [2(v - v )ydy = 0, @)

D
2ﬂf§(v—vff)ydy=%’”‘2-vo, )
where v, — air outlet speed from linear louver diffuser, m/s.
After solving equations (2, 3 and 4), we get that:
2
K — Kk = (jﬂ) : (:—i) ©)
After substituting into equation (5) the formulas for determining the axial velocity of axisymmetric jets
(Voznyak, 2010) and some transformations, we obtain a formula for determining the difference and value of
the compression coefficients in terms of the velocity of dead-end and flowing semi-compressed jets:
Kef _ de _ T dpg x 1 (6)

scj scj T 4 Fesr [Fesr m
where m — coefficient of change of velocity in a free jet.

As follows from formula (6), the influence of the semi-compressed jet development scheme is directly
proportional to the initial compression ratio and distance from the linear louver diffuser and inversely
proportional to the velocity change coefficient m.

Calculations using formula (6) confirm the results of experimental data.
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Conclusions

In actual operating conditions, linear louver diffusers form mainly semi-compressible or compressible
jets, which in turn develop according to a dead-end or flow pattern. A method is presented, confirmed by
experimental data, for calculating compression ratios for the correct selection and prediction of the level of
comfortable and energy-efficient operation of linear louver diffusers and ensuring the required microclimate.
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5. P. Uemepuncbkmii, O. T. Bo3usik
HauionansHuii yHiBepcutet “JIpBiBChbKa NONITEXHIKA”,
Kaderpa TEIUIOra30noCTayatHs | BeH THIISLII

XAPAKTEPUCTUKHU POBOTH JITHIMHOI'O HIIMHHOI'O IU®Y30PA
B HAITIBOBMEXEHUX YMOBAX

© Yemepuncoxuii A. P., Bosuax O. T., 2025

EdextuBHa excruryaTallis cucTeM BEHTWIILIT 3aJIe)KUTh Bij Oaratbox (aktopiB. BaximBo, HacKUIBKH
MPaBUJIBHO CHCTEMa Ta ii KOMIIOHEHTH po3paxoBaHi ¥ mimiOpaHi. Bim TOYHOCTI MUX pO3paxyHKIB 3aJEKHTh
CTa0ITBHICTh pOOOTH BCi€l cucTeMu Ta KOMPOPT MikpokimiMary. [IpoTe mix 9ac IpOeKTYBaHHS Ta ITiAOHPaHHS
oOmamHaHHA IS HEBEIMKAX NPUMINICH (AaKTUYHI MapamMeTpd poOOTH YacTO BiJpI3HSAIOTBECS  Bil
po3paxyHkoBuX. Lle 0coOIHBO CTOCYETHCS JNHIMHNX JKAMO31HHIX MU(y30piB. BiAMIHHICTE MK TEOPETUIHIMH
Ta peaJbHUMH XapaKTEPUCTUKaMI CTPYMUH BUHHUKAE Yepe3 Te, M0 OUTHIIICTD (JOPMYIT i HOMOTpaM CTBOpPEHi JUIs
YMOB BUIBHOTO PO3BUTKY CTPYMHMH. A y pealnbHHX yMOBaxX Ha IXHIH pyX BIUIMBAIOTH OTrOPOKYBaJIbHI
KOHCTpYKIIii, MeOJIl, IJIaHyBaHHsI Ta 1HIII IEPEIIKOH.

Y cTaTTi pO3risSHYTO BIUIMB KOHCTPYKILIM NPUMIIIEHHS Ha TOBITPSHI CTPYMHUHH BiJ JIHIHHOTO
skasrosiitHoro qudysopa. [llupunaa Takux MPUCTPOIB HEBEIIMKA 3@ 3HAYHOT TOBKHHU IIIUJIHMH, 110 BiPI3HSE iX Bix
TPAaAMIIHHNX KBAJPAaTHUX UM KPYIJHMX pemnTok. Lls 0coONMBICTH BHU3HAYAE TEOMETPIIO Ta IIBHIKICHI
XapaKTEePUCTUKH TOBITPSHOTO IOTOKY i 0Oe3nocepesiHbO BIUIMBAE Ha €(DEKTUBHICTH po3noainy nositps. Lli
YMHHAKA HEOOXiZHO ypaxoByBaTH IIiJi 4ac NPOEKTYBAaHHS, MOHTaXy H eKcIUTyaTalii CHCTeM BEHTHIIALL.
IpaBunpHui BUOIp 1 po3TamryBaHHS JIHIMHUX IUQy30piB 3a0€3MeuylOTh PIBHOMIPHUH PO3MOMUT MOBITPS,
3MEHIICHHS 30H TUCKOM(OPTY Ta MiATPUMaHHS ONITHMaJIbHOTO MIKPOKJIIMaTYy.

[MpakTuka mnoka3ye, M0 IrHOPYBAaHHS BIUIMBY OrOPOJUKYBAIBHMX KOHCTPYKLIH MOXeE CHPHYMHHUTH
HeOaxkaH1 Tedil, IpoTsAry uu 3acTiiini 30HU. Lle He nmumre noripirye komdopT nepedyBaHHs JIIO/ICH, ane i 3HIKYE
€Heproe()eKTUBHICTh CHUCTEMH. TOMY IOCIIJDKEHHS B3a€MOJii MOBITPSHUX CTPYMHH i3 KOHCTPYKTHBHHMH
€IIEMEHTaMH MPUMIIICHHS — BOKJIMBE 3aBAaHHS, SKE Ja€ 3MOTY ONTHUMI3yBaTH poOOTY 00JIaAHAHHS, TIiIBUIIUTH
fioro e(heKTHBHICTD 1 320€3MeUNTH Cy9acHi BUMOTH 10 KOM(pOPTY Ta €HEProoIa IHOCTI.

KawouoBi ciaoBa: MikpokiaiMar, TemioBuii KoMQopT, NJIOCKHMI CTPyMiHb, HamiBCTHCHEHHUM
CTPYMiHb, PO3MOIiT MOBITPA; TYPOY1eHTHICTh MOBITPSIHOIO MOTOKY.
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