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The study examines the velocity decay processes in an isothermal free swirled air jet to improve
methods for controlling the aerodynamic characteristics of air flows. The objective is to intensify the
velocity decay in the supply air of an isothermal free swirling jet, determine the decay coefficient, and
analyze axial velocities by constructing their profiles in cross-sections. To simplify calculations, the
velocity decay coefficient “m” is introduced. The decay coefficient is determined, an analysis of axial
velocity distribution is conducted, and corresponding graphs are constructed. A comparison of
experimental data with theoretical models is performed. The features of turbulent structures formed
during the decay process are investigated. The possibilities of regulating jet dynamics by modifying
input parameters are considered. The obtained results can be used to optimize processes in various
technical and industrial applications, including ventilation systems, gas dynamic installations, and
energy complexes.
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turbulence.

Introduction

Effective air distribution in indoor spaces is a crucial task for ensuring a comfortable microclimate,
energy efficiency, and stable operation of ventilation systems (Almaras et al., 2012). Traditional air
supply methods do not always provide uniform flow distribution, which can lead to the formation of
stagnant zones or excessive turbulence (Dovhaliuk V. et al., 2018). One way to improve air distribution is
through the use of swirling air jets. These jets retain velocity for a longer duration, enhance air mass
mixing, and distribute more evenly within the space. Due to these properties, swirling jets can effectively
optimize ventilation processes in various indoor environments (Dovhaliuk V., Mileikovskyi V., 2018).
Studying the characteristics of swirling jet motion helps to better understand their development patterns
and develop methods for controlling aerodynamic properties. This opens up opportunities for improving
ventilation, air conditioning, and industrial aerodynamic processes (Kapalo P. et al., 2014).

Materials and Methods

The formation of planar, axisymmetric, and swirling jets with pulsating velocity is influenced by
the discharge of supply air from both open and shaded ventilation system openings (Lorin E. et al., 2007).

Various factors affect jet characteristics, particularly the surfaces they interact with. Jets without
obstacles are considered free, while those influenced by surfaces are constrained (Kapalo, P. et al., 2017).
A jet is classified as isothermal if its outlet temperature matches the indoor air temperature, whereas it is
non-isothermal if the temperatures differ (Kapalo P., et al., 2014).

When the Reynolds number (Re) is below 2300, the flow is laminar, while a value exceeding
10,000 indicates turbulence (Andersson H., et al., 2018). The jet core represents a region of the flow with
constant velocity and temperature. The jet’s pole O is located at a specific distance from the nozzle exit
along its axis. By drawing lines from this point through the nozzle exit boundaries, the external jet
boundaries can be determined (Bin Z., et al., 2003).
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Fig. 1 showed in the primary formation region of the jet, a gradual decrease in axial velocity
occurs V. (in non-isothermal jets), along with a decline in excess temperature A ¢_, which is defined as
the difference between the air temperature in the jet / and that in the room ¢, : Af =¢ -1, (GumenO.,
et al., 2019).

Fig. 1. Diagram of Free Air Jet Development: 1 — Initial cross-section;
2 — Transitional cross-section; 3 — Jet boundaries; 4 — Jet core;
5 =1y (initial area); 6 — I, (main area).

Depending on the Ar, parameter, supply jets are classified as weakly non-isothermal (barely
affected by gravitational forces) and non-isothermal (significantly influenced by gravitational forces)
(Gumen, O. et al., 2017).

The excess temperature At = ¢, — t;, (for horizontally directed weakly non-isothermal air jets) can
be calculated using equation (1):

ar = (1)
X

where x is the current longitudinal coordinate (Janbakhsh, S., Moshfegh B., 2014); N is the thermal
characteristic:
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where o is the jet expansion angle, o = 12°25', with tga = 0.22; & is the local resistance coefficient, & = 1;
T, is the absolute temperature at the nozzle outlet (Rumsey C.L., Spalart P.R., 2009).
To simplify calculations, the temperature decay coefficient n is introduced:
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The axial excess temperature At, is given by (Srebric J., Chen, Q., 2002):
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At any cross-section «», at a distance «y», the excess temperature At, = t, — t, is calculated using
Taylor’s formula (5):

At =At, - exp(— 0,70&2), (5)
where o7 is the turbulent Prandtl number, ot = 0.65 =+ 0.7 for compact jets; ;/ is the current transverse
coordinate, ;/ = y/cx, with ¢ = 0.28 as an experimental constant.

It is rational to use relative indicators of excess temperatures, both axial A £, = A t./At andat

any cross-section A Zy =A ty/A t. (Voznyak O., et al., 2019).

The objective is to intensify the velocity decay in the supply air of an isothermal free swirling jet,
determine the decay coefficient, and analyze axial velocities by constructing their profiles in cross-
sections.

Result and discussion

To determine the axial velocity V. in isothermal air jets, equation (6) is used:

Vi=—. (6)

where x is the current longitudinal coordinate; M is the dynamic characteristic calculated as:

M=—\/?\/gV\/F ™

where o is the jet expansion angle, oo = 12°25', with tga = 0.22; & is the local resistance coefficient, & = 1;
T,, Tin are the absolute temperatures at the nozzle outlet and in the room, respectively; ¥, is the initial
velocity (m/s); Fy is the area of the supply nozzle (m?).

To simplify calculations, the velocity decay coefficient m is introduced:

T
m =2 /?4\/2 (8)

The axial velocity V' is determined as:
NI
Vo=m-y, N

X

. 9)

At any cross-section «r», at a distance «y» from the axis, the velocity V), is calculated using

Schlichting’s formula:
2

1,5
v, =V, 1—[lj . (10)
Vs

For both axial V', = V_/V. and cross-sectional velocity values v y=V, / V., it is rational to use

relative velocity indicators. In this case:

VXZO’—48’ (11)

X 10,145
de

where a = 0,078; d. is the equivalent nozzle diameter.
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The Archimedes number Ar, describes the ratio between
A gravitational and inertial forces:
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0.75
: J/ where g = 9.81 m/s? F, is the nozzle area (m?); Aty is the
0,5 ) initial excess temperature, At, = t, — t, (K); T, is the absolute
035 k . 2 air temperature in the room (K); V, is the initial velocity

™~/ (s).

o i > For the calculations, a testo-405 thermal electrical
025 05 075 1 T anemometer was used. The initial velocity V, was measured.
By selecting x; values in the range 0.7 + 2.2, relative velocities
Fig. 2. Dependence of relative axial were computed using formula (11) for the respective jets, and

velocity on relative longitudinal coordinate graphs were constructed V.= f()_c), where x = x / / F, .
Fig. 2 showed a satisfactory agreement of the obtained

experimental results with theoretical data. V= f(x): where 1 — experimental points; 2 — graphical
dependency.

Conclusions

1. The study of velocity decay in an isothermal free swirled air jet provided valuable data for
improving methods of controlling the aerodynamic characteristics of the air flows.

2. The distribution of axial velocities was analyzed.

3. A comparison of experimental results with theoretical models confirmed their consistency,
indicating the reliability of the obtained data and their potential application in technical and industrial
processes.
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3AKPYUYEHUMMU NNOBITPAHUMU CTPYMEHAMMN
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VY poboTi IOCHiKEHO MPOLEcH 3aTyXaHHS IIBHIKOCTI B 130TEPMiYHOMY BIIBHOMY 3aKpy4e€HOMY
CTpYMEHI 3 METOI0 BJIOCKOHAQJIEHHS METOJIB KEpYBaHHsS aepOAMHAMIYHMMHU XapaKTEPUCTUKAMH IOTOKIB.
Meroto € iHTEeHCU]iKalis 3aracaHHs MBUIKOCTI y IMOJAHOMY MOBITPI 130TEPMIYHOT0 BUIFHOTO 3aKPY4EHOTO
CTpyMEHsI, BU3HAa4YeHHs Koe(illieHTa 3aracaHHs Ta aHali3 OCbOBUX INBUAKOCTEH NUIIXOM MOOYIOBH iX
npodiliB y monepeyHux mepepizax. Jis CrpolneHHs po3paxyHKiB BBeleHO Koe(illi€HT 3aracaHHs IIBHJI-
kocTi "m". BusHaueHo koedilieHT 3aTyXaHHs, MPOBEACHO aHAIi3 PO3IOIITY OChOBHX IIBHIKOCTEH, a TAKOXK
oOyoBaHo iX rpadikyi. BukoHaHO aHai3 po3MoAiay OCHOBUX HMIBUAKOCTEH MOBITPs. 3alpONOHOBAHO pallio-
HaJIbHUH METOJI BHM3HAYEHHS BiJHOCHOI'O TIOKa3HMKAa IBHUIKOCTI. [yt ommcy B3aeMO3B’SI3KYy Mik
rpaBiTalilHUIMK Ta iHEPLIHHUMH CHJIaMH OOpaHO KpUTepii Apximena, a Jjsi ONHCY NMPOQIII0 IIBHIKOCTI
3alporoHOBaHO MaTeMaTHyHy Mogjenb lllmixtiara. OtpumaHi pe3yabTaTH MONAHO y BUNNIAAL TpadivHux
3aJISKHOCTEH, a TAKOXK aHAJITUYHHUX PIBHSHB 13 BBEJCHHIM KOPHT'YBaJIbHUX KOe(illi€HTiB. 31iiCHEHO MOpiB-
HSIHHSI €KCIIEPUMEHTANIBHUX JIAHUX 13 TEOPETHYHUMH MOAEISIMH. J[oCiipkeHo 0coOIMBOCTI TypOYyIeHTHHX
CTPYKTYp, 1O (opMyIOThCS B Tpoleci 3aTyXaHHs. PO3INISTHYTO MOMIJIMBOCTI PETYJIIOBaHHS JHHAMIKH
CTpyMEHs IUIIXOM 3MIiHM BXiAHUX mapamerpiB. [IOpiBHSHHS eKCHEpUMEHTAIBHUX pPE3YJbTATIB 13
TEOPETHYHUMHU MOJAEISMHU MiATBEPAMWIO TXHIO Y3TODKEHICTh, MIO CBIYUTH HPO JIOCTOBIPHICTH OTPHUMaHHX
JIAaHUX 1 TXHI} MOTeHMiaN Jyisl 3aCTOCYBaHHsI B TEXHIYHUX Ta IPOMHCIOBHX mporecax. OTpuMmani pe3yabTaTi
MOKa3aJId 3aJI0BUIbHY BIANOBIAHICTH EKCIIEPUMEHTAIBHUX JAHHUX 13 TEOPETHYHMMH pO3paxyHKamu. BoHu
MOXYTb OYTH BUKOPUCTaHI JUIS ONTUMI3allii IPOLECIB Y Pi3HUX TEXHIYHUX 1 MPOMHUCIOBHUX cepax, 30Kkpema
y BEHTHWIISIIIHHUX CHCTEMaX, Ta30JJMHAMIYHUX YCTAHOBKAX Ta €HEPreTUYHUX KOMIUIEKCAX.

Kuro4oBi cioBa: po3nonisi moBiTpsi, 3aKpy4YeHHil CTPyMiHb, IIBHAKICTH MOBITPs, Koe(ilieHT
3aTyXaHHs, acpoANHaMiKa, TypOyJIeHTHICTb.



