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Abstract. Inlet jet parameters are one of the influencing factors on microclimate parameters in rooms. There are many
solutions of air distributing technique. Some of them are widespread; others are special purposes solutions and applied on
sporadic objects. Nevertheless, there is not enough detailed classification of jet control methods, used in the air distributing
solutions. In this work, such classification is proposed, based on thousands of inventors certificates and patents. For easier
classification, the methods are systematized by four main groups: with flow turbulization, without significant turbulization,
with flow stabilization and combined. Possibilities of jet range change is also shown. This classification is upgradable during

the development of air distribution technique.
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Introduction. One of the important influen-
cing factors of efficiency of air exchange organiza-
tion is jet parameters. The modern air distribution
technique can provide wide range of geometry and
decay intensity of jets. However, the jet classifica-
tion in textbooks is meagre to satisfy the modern
ventilation development. We propose extended jet
control classification.

Relevance of research. Jet control classifica-
tion may help developers to position new idea in
the air distribution technique and make the best re-
solve. It may help in ventilation education for ef-
fective learning of air distribution principles.
Therefore, the jet control classification is a relevant
tack.

Recent studies and publications. The modern
textbooks such as [1-3] give only the jet classifica-
tion. Nevertheless, the same jet geometry can
provide wide range of jet decay intensity using dif-
ferent air distributing devices. Authors analyse tens
thousands of author certificates and thousands of
patents. Most of them are special-purpose air dis-
tributors. Only some kinds of them are produced
and available on the market. The most popular are
air gratings with fixed or adjustable jalousie, mul-
tiple dilative pipes (diffusers) one-inside-other,
screened air outlet, axial twister, possibly beside
grating or diffusers. The twisters may consist of
vanes, slots with inclined screens etc. However, the
good classification of air distributing devices was
not found. Very often all air-distributing devices
are called diffusers. Nevertheless, this term coin-
cides with dilative pipes that is one of the popular
air distribution solutions. Therefore, we will avoid
using the term “Diffuser” in meaning other than
dilative pipe.

Purposes of the article. The goal of the work
is to propose classification of jet control methods

in air distribution technique.

Main principles. The proposed classification
of the jet control (fig. 1) is open for expansion dur-
ing the technique development. Jet control meth-
ods can be divided by four main groups: with flow
turbulization, without significant turbulization,
with flow stabilization and combined.

Jet control with flow turbulization. To in-
crease the jet decay intensity it is possible to in-
tensify initial turbulence using turbulizers i.e.
chords (for Karman vortex street generation) near
to the outlet or plate(s) for generation of separation
flow. Also dead-ends [4] can be embedded for vor-
tex generation (fig. 2,a). The effect is not very
strong if an air distributor generates small-scale
turbulence only. To add large-scale turbulence
movable (pliable materials, swinging plates or mo-
tor driven vanes) turbulizers can be used. Interac-
tion of opposite flows before inlet hole cause low-
frequency pulsations (waves). This principle is
used in modern air diffusers VGK (Russian Feder-
ation, not the same as SU air diffusers series 4.904-
68).

Twisted jets with initial swirling have not only
very high initial turbulence but also different struc-
ture, so the twisting is a different jet control
method (fig. 2,b,c). Concave wall jets have addi-
tional vorticity due to Goertler effect. During the
laying their decay intensity decreases but after sep-
aration the decay intensifies because of initial tur-
bulence.

Jets interaction is the way for jet decay intensi-
fication. Interaction of opposite jets in some
sources is called impingement. The most common
and traditional interaction diffuser is a grid. It
forms many jets that interact on the interaction
part. This principle is improved in air distributors
(fig. 3,a) with impingement of non-coaxial jets [7].
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Fig. 1. Jet control classification:
<+> —increasing the jet range; <-> — intensifying the jet decay; <+/> — can change the jet range anyway;
<(> —the basic jet range; < > —no direct influence on the jet range)
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Fig. 2. Air distributors: a — with dead-end turbulizer [4];
b — tangential inlet air distributor for twisted jet [5]; ¢ — vane
air distributor for twisted jet [6]:
1 —body; 2 — diffuser nipple; 3 — dead-end; 4 — outlet hole;
5 — dead-end turbulizer; 6 — flowing diffuser

a
Fig. 3. Air distributors: a — non-coaxial jet impingement [7];
b — air distributor with multiple diffusers [9]; ¢ — transit air
distributor (with sieve) TVR [10]:
1 — air inlet; 2 — duct; 3 — uniform air distributor; 4 — outlet
slot
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Jet control without significant turbulization.
This type of jet control is the simplest. Jet turbu-
lence is not a goal of the control. The turbulence
change is side effect and it is not as significant as
in the previous group. As flow turbulization cause
normative requirement [8] of air velocity decrease,
this group is very important. The simplest way is to
control the initial jet expansion. Confusers
(nozzles) are used to provide long-range jets, com-
parably with straight pipe, and diffusers - for
quicker jet decay. Usually multiple diffusers are
used to avoid the flow detach [9]. It is not possible
to obtain very intensive jet decay. The jet core have
initial expansion impulse but the jet boundary layer
is formed the same way as in a free jet from a
straight pipe.

A jet can be sifted through sieve, located on the
jet way (fig. 3,c¢). This principle is used in transit
air distributors (TVR) developed by Kyiv National
University of Construction and Architecture.

The next possibility of jet decay control is de-
velopment of jet boundary surface. It is possible by
releasing the jet from a hole of complex geometry.
The simplest way is using the ring conical pipe
forming ring jet. A saw-shaped slot can form near
to flat jet with higher decay intensity [11]. There
are two effects: greater air consuming area and ad-
ditional vacuum near to the surface folds or inside
the ring jet.

The next two methods are used for control of
initial air parameters of a jet, not for the jet type
control. Including ejector cause recirculation of the
room air and mixing with the inlet air. If the ejector
is very close to the jet outlet, it cause turbulization.
In multi-duct air conditioning, mixing valves can
be embedded in air distributors for temperature
control.

Jet control with flow stabilization. This
group stay very important because flow stabiliza-
tion cause greater air velocity in working zone.
Wall jets is a paradoxical case of jets. Flat wall jet
has higher range and lower turbulence level. How-
ever, convex wall jet has lowest turbulence and
high decay intensity. It is very perspective for air
distribution to the working zone because lower tur-
bulence intensity allows higher velocity keeping
the same heat dissipation of human body.

In clean rooms special-purpose air distributors
are used, which have porous media (filter) at air
outlet [12]. It cause laminar flow output. The same
principle can be used for displacement ventilation
with very low turbulence, which allow greater ve-
locities

Combined jet control. Combined jet control
uses two or more principles in one air distributor.
Interaction [9] of twisted jets (air distributors
VEPSH and VPEP), interaction [13] of twisted and
concave wall jets (fig. 4,b, developed by National
University "Lviv Polytechnic"), interaction of con-
vex wall jets (fig. 4,c, air distributors PET [14] de-
veloped by Kyiv National University of Construc-
tion and Architecture) are the examples. Most of
the principles above can be combined. Therefore, it
is not possible to show known combined jet control
options in single figure (fig. 1).
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Fig. 4. Air distributors: a — saw-shape [11];
b — interaction of twisted and concave wall jets [13]; ¢ — air
distributor PET with interaction of convex wall jets [14]:
1 — nipple; 2 — diffuser; 3 — ring controlled slot; 4 — vanes;
5 — control handle; 6 — visor; 7 — screw for the slot 3 control;
8 —rod

This is not complete list of all possibilities of
jet control. New principles will be developed for
widening the jet properties, especially in highly de-
manding VAV systems.

Conclusions. Proposed classification of con-
trol of jet decay intensity broaden the known clas-
sification of jets. It can be expanded during devel-
opment of air distributing technique.

Perspectives for further research. In this
work, there is only one aspect of air distributors
classification — jet control principle(s). Other as-
pects will be classified in the future works.
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Cnoco6u KepyBaHHSI CTPYMUHaMU Y BEeHTUNALT

B. Minenkoscbkuin'
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Anomayis. Ilapamempu npunauenux cmpymun € OOHUM 3 6NIUBOBUX (DAKMOPIE, WO BUSHAYAIONb NAPAMEMPU MIKPOKIIMaNty
6 npumingenni. Icnye 6azamo pisHux piwienv y mexuiyi nogimpoposnooinenns. OKkpemi 3 HUX UWUPOKO 8NPOBAONICEHI, IHULl €
cheyianizoeanumu pitieHHAMYU Ma 6nposaoddiceni Ha okpemux ob ‘ekmax. IIpome, nedocmammvo po3podenolo 3anUuacmscs
Knacugixayis Memooie Kepy8anHs CMPYMUHAMU, AKi SUKOPUCMOBYIOMbCA 6 NOBIMPOPO3NOdinbHUX npucmposx. Y oaniil
pobomi 3anpononosana maxa kiacugixayis Ha 6a3i mucsay aemopcvKux ceiooyme i namenwmie. [ns 0inbwioi 3pyuHocmi,
CnoCoOU cUCMeMamu306ami 3a YOMuUpMa 20106HUMU epynamu: 3 mypoyrizayicio nomoky, 6e3 cymmegoi mypoOynizayii, 3i
cymmegoro cmabinizayielo, a maxoxc, komobinosari. Takooc nokazano moxcaueocmi aminu oanekobiiHocmi cmpymunu. L

Kaacugixayis modxce Oymu po3uupena 3 po36uUmKomM nosimpopo3no0iibHOi MexHIKuL.

Krrouogi crnosa: nosimpoposnodinenis, CmpymMuna, 6eHMUIAYis, NOGIMpPOOOMIH.
YOK 697.92
CnocoObl ynpaBneHns CTpyssM1m B BEHTUNALUN
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ORCID: 0000-0001-8543-1800

Annomayusa. ITlapamempvl npumoynvix cmpyil AGIAIOMCA OOHUM U3 GIUAIOWUX (PAKMOPOS, KOmMOpbvle Onpeoensiion
napamempvl Mukpoxkaumama 6 nomewenuu. Cyujecmeyem MHO20 PATUYHBIX PeueHull 6 mexHuKe 6030yxopacnpedenenusl.
OmoenvHble U3 HUX WUUPOKO BHEOPEHDL, Opyaue ABIAIOMCA CReYUanu3UpOSAHHbIMU PEUEHUAMU U 6HEOPEHbI HA OMOETbHbIX
obvexmax. OOHaxo, HedOCMAMmMo4HO paspabomanHol 0CMAEmca KAAcCUUKayus Memooos YnpasieHus Cmpyamu, Komopuvle
UCNONB3YIOMCA 8 B030YXOPACHPEOeUMeNbHbIX Yempolicmeax. B dannoil pabome npednogcena maxas xkiaccugurayus Ha
basze mvlcA4 AGMOPCKUX CBUIEMeNbCmE U namenmos. Jlis 60avuie2o yoobcmea, cnocobbl CUCIeMamu3upOSansl o 4emvlpém
2NABHbIM 2pYRnam: ¢ mypoyausayuei nomoxa, Oe3 CywjecmeenHou mypoymuzayuu, ¢ cywyecmeennou cmadbuiusayuet, d
maxaice, kKombunuposaumvie. Kpome moeo, nokazanvl 6ozmoscnocmu usmenenus 0aibHobotinocmu cmpyu. Ipeonocennas

KAaccu@urayus moxcem Oblms pacuupena ¢ passumuem 8030yXopacnpeoenumenbHol mexHuKu.
Kurouesvle crosa: 6ozdyxopacnpedenenue, cmpys, 6eHMUNAYUSL, 8030YX00OMEH.
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