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In this article the results of return flow at air distribution by flat laying jets experimental
investigations are presented. The chart is composed, analytic equations are also obtained. By these
results high efficiency of proposed air distribution scheme using in technological small-sized rooms is
shown. The purpose of the work is to study the nature of the propagation of the swirl and flat flooring
jets in a limited space of a production space of low height with the presence of technological equipment
and maintenance personnel in it, to identify the patterns of development of the air tidal stream in the
reverse flow and to justify the calculation methodology. The quantitative description of the
characteristics and regularities of the development of the swirl and flat flooring compressed jets in the
reverse flow is established. Calculation dependences were obtained for determining the parameters of
the swirl and flat flooring compressed jets in the reverse flow. It is substantiated that the efficiency of
the application of the swirl and flat flooring jets to supply air to the working area of the technological
premises is high. The obtained results allow us to calculate the initial velocity of the swirl and tidal flat
flooring compressed stream in a small-sized production rooms with the presence of technological
equipment and service personnel and to determine the geometric parameters of the air distribution
device. Application of air distribution with the use of the swirl and flat air jet laying effect allows to
significantly increase the Air Distribution Performance Index criteria when supplying a big amount of
air to the technological premises and thereby reducing the material consumption of the ventilation
system.

Key words: air distribution, ventilation, flow rate, air velocity, swirl air jet, compressed stream,
tidal flat air jet.

Introduction

As it is known, the physical state of the air environment in technological premises is
characterized by parameters such as temperature, moisture content, air velocity, noise, dust, odors
(Bin Zhao et al., 2003; Holyoake, 2006), CO, concentration (Kapalo et al., 2018; Kapalo et al.,
2019; Kapalo & Siroczki, 2014; Kapalo et al., 2014) etc. Normalized parameters of internal air
should be provided in the working (service) area of such premises, since the fact that the sanitary-
hygienic parameters of the microclimate of the technological premises correspond to the
physiological needs of a person depends, to a large extent, on its health and efficiency. The
conditions of comfort are primarily determined by the air temperature and velocity. These values
are supported by means of ventilation equipment and depend on the accepted organization of air
exchange and air distribution schemes. In this case, the working area is located both in the forward
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and in the reverse (return) flow of the inflow stream. The combination of these factors determines
the nature of the air flow and the development of ventilation jets in the room. (Chen & Srebric,
2001; Kapalo et al., 2018).

Target of this article

This article is intended for studying the nature of the propagation of the swirl and flat flooring jets
in a limited space of a production space of low height with the presence of technological equipment and
maintenance personnel in it, to identify the patterns of development of the air tidal stream in the reverse
flow and to justify the calculation methodology.

Techniques used

The importance of taking into account the influence of air flow disturbances, in connection
with the presence of technological equipment and maintenance personnel in the room on air
velocity distribution and their features, is investigated in (Gumen et al., 2016; Dovhaliuk
&Mileikovskyi, 2007; Dovhaliuk &Mileikovskyi, 2008). In such conditions it is necessary to
provide a sufficiently range of the flow. One of the means of increasing its range is the use of the
Coanda effect, that is, the laying of a stream on the interior surfaces of walls or ceilings (Voznyak
et al., 2019). In addition to increasing the range fertility, the phenomenon of laying a stream on the
ceiling influences the flow of field, the expanded stream, the processes of mixing and extinction of
velocity in the jet. Therefore, the most rational scheme of air distribution in the case of the
presence of process equipment and maintenance staff in a production space of low height is the
application of a method of supplying air to the working area by laying jets. It is advisable to
propose the use of air distributors with a high intensity of extinguishing the velocity and
temperature of the inflow air, that is, devices that provide an intense mixing of the tidal air with
the surrounding (Dovhaliuk & Mileikovskyi, 2013; Kapalo et al., 2017).
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Fig. 1. Scheme of the swirl and flat laying air jet at stressed conditions
of the small-sized production premise

Today, there are a large number of different designs of air distributors and circuits of distribution of
inflow air, both in the upper and in the working area of premises (Kapalo et al., 2014; Srebric & Chen,
2002), where the effect of laying the jets on the interior surfaces of walls or ceilings, which is a fairly
widespread phenomenon in ventilation technology.
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In this paper, a concentrated inflow is oblique on the inner surface of the ceiling by flat cooled jets.
The air distributor is located under the ceiling (Fig. 1) and creates the swirl and flat laying air jets
(Voznyak et al., 2005).

A characteristic feature of such an air distribution scheme is a certain limitation of space for the
development of direct and reverse flow of airflow walls, ceiling and floor of the room, as well as
technological equipment and service personnel, which creates the so-called “compression” of the inflow
stream. The air flow, moving in the confined space of this room, that is, in “compressed” conditions,
forms a flat compressed jet and enters the service area.

In this work, a flat flooring air jet is considered, which is directed along a production room of low
height in the presence of technological equipment and maintenance staff for a dead-end scheme, in which
the exhaust hole is located in the same plane as the inflow one (Fig. 1). In this case, the serviced area
where people are located, is washed by an induced jet by the return flow. In this connection, the issue of
determining the patterns of air flow in the reverse flow becomes of great importance. The main attention
in this work is devoted precisely to the study of the order of the development of air tidal stream in the
reverse flow.

Since modern studies are based on the detection of empirical laws of jet flows (Grimitlin, 2004),
this method was used in this paper. Experimental studies were carried out in the field at the stand, the
scheme of which is presented in Fig. 1 under the following conditions and simplifications:

— aflat stream is isothermal;

— coefficient of extinguishing of the velocity of the flat inflow nozzles was m = 2.5;

— the width of the slit hole was varied and equals: 1, = 300 mm; I, = 450 mm; I, = 600 mm;

— the height of the crack was variable, namely: b, = 20 mm; b, = 30 mm; b, = 40 mm;

— air flow rate L, was variable and equals: L, = 900 m*hour; L, = 700 m*hour; L; = 500 m*hour;
L,= 300 m*hour;

— theinitial air velocity at the outflow from the inflow nozzle was within the limits: V,=5 - 15 m/s;

— the velocity of air in the reverse flow was considered at the mark h = 1,5 m and was presented

in dimensionless form VvV =V, /V, ;

— valueV depends from two dimensionless coordinates x = x/I and 'y =(y— Viim)/(B— Yiim)

where x and y are respectively longitudinal and transverse running coordinates, m; | is the length of the
room, m; B and y;, are respectively half width of the room and the stream in the direct flow, m;

— the points near the wall, which are not located in the boundary layer, were conventionally
considered as coordinate y =1.

The air velocity and temperature were measured by the thermal electrical anemometer Testo-405.
Measurement of the air velocities at the settlement points was carried out using a coordinator with a grid
of points 5x5 c¢cm in five cross-sections. In the course of experimental studies, the boundaries of the
inflow stream in the zone of its direct and reverse flow were determined.

Based on experimental studies on the distribution of air in the rooms, we present the dimensionless
velocities of air flow in the reverse flow in tabular form (Table 1), as well as in the form of chart —

(Fig. 2), that is, represent a two-factor functional dependence V = f (i; §), where V =V, /V, .

Fig. 2 shows a graphical dependence V = f(i; ?)according to experimental real research of the

dimensionless velocity change in the reverse flow during the development of a flat laying compressed air
jet in the small-sized technological premises.
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Table 1
Dimensionless velocities in reverse flow V ( 710?)

X
= 0 0.2 0.4 0.6 0.8 1.0
y

0 13 17 25 40 30 18
0.25 20 30 42 55 45 30

0.5 10 12 15 20 18 15
0.75 8 10 12 15 13 12

1.0 7 8 10 12 11 10

The graph (Fig. 2) is expediently approximated by polynomial dependence (1):

To30Y g @
i=0 j=o0

which is expressed in this way:

V= [10.22 42145y 3528y + (88.64 41346y —150.68Y° |- X —
~ o (2)
- (76.41+ 5.62y —133.92y ) X )-10—3

It should be noted that in order to determine the initial velocity V, it is necessary to know the value
of the maximum velocity in the reverse flow \7max. To do this, in turn, it is needed to investigate
\7 - function on the extremum, the necessary conditions of which are: if the function v = f(i, §) reaches

the extremum at X = Xo, y=y » » then every partial derivative of the first order from V becomes zero at
these values of arguments. Differentiate in partial derivatives:

z_\f - (88.64 1346y —159.68y° —152.82X —11.24y X + 267.84y" i)-10*3 (3)
X
N - _ __ TR
i (21.45+13.46x —5.62x" —70.56y —319.36x y + 267.84x y).lo (4)
y
We obtain a system of two equations with two unknown values (5):
X
o ®)
—=0
oy

Solving the system of equations (5), we find the required values of Xo, go on a certain segment
of these arguments, respectively [il; ;2], [91; 92]. Consequently, as a result of the calculations we

obtain the coordinates of the stationary point M (?0 Yo ): Xo =0.585and y = 0.165.
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Fig. 2. Chart for determining the dimensionless velocities in the reverse air flow

Since there is no prior assurance of the existence of V -function maximum, therefore, an additional

study is needed, that is, it is necessary to establish sufficient conditions for the extremum. If \7 - function
will have in some environment of point M (io ) 90 ) continuous second partial derivatives and if at this
point the necessary conditions are fulfilled, then in the case when the second differential

2
j=

2 25

— oV = = \AxAyj

OV = Sy Xo, Y J (6)
; 1 0% 9y ( 0)

is a positively defined quadratic form, then the function \_/(i, 9) has a maximum at this point. In the case

of these conditions, the V — function will have a stationary value at the point M (io : 90 ) and the point
M itself will be called stationary.
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We investigate the positive definiteness of the quadratic form (7):

oV 9V
ox°  Oxdy
(7)
9’V 9%V
oy ox 3;2
It is advisable to enter the following notations:
27 27 27
—8_\2/ =A; —8_\2 = B; 8_ V_ =C (8)
Taking into account the property of the order of differentiation in partial derivatives:
9%z 9%
Oxoy  0yox
the differential determinant Jacobian (J) will look like:
A C
J= 10
9 o
after disclosure we receive:
J=A-B-C2. (11)
We find derivatives of the second order in the stationary point m (;0,90) and determine its
character:
27 _ _
A= aT\; = (—152.82 —11.24y, + 267.84 yzo)-m*3 =-0.147
OX
2_ — —
B= 8% = (—70.56 —319.36 0 + 267.84 x20 )-103 =—-0.166
oy
27 227 _ _ o
c=0Y 97 _(1346-319.36, —11.24% +535.68%0 Y, )10* — —0.006
oxy dyx

In this case, Jacobian is:
J=AB-C2=(-0.147-(~0.166))— (~0.006)* ) 0.
Taking into account that J > 0, and A = - 0.147 that is < 0, we will state that the function
V=f (;, 9) has a maximum: Vs (0.585; 0.165) = 0.057. From this condition, we determine the initial

velocity VO = Vr /\7max , Where velocity V, is standardized for the serviced zone as V,, . This means that
the specified initial velocity V, is minimal, that is this value is optimized.

Conclusions

On the basis of the obtained results we state:

— the quantitative description of the characteristics and regularities of the development of the
swirl and flat flooring compressed jets in the reverse flow is established:;

— calculation dependences were obtained for determining the parameters of the swirl and flat
floor compressed jets in the reverse flow;

— it is substantiated that the efficiency of the application of the swirl and flat flooring jets to
supply air to the working area of the technological premises is high.
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The obtained results allow us to calculate the initial velocity of the swirl and tidal flat floor
compressed stream in a small-sized production rooms with the presence of technological equipment and
service personnel and to determine the geometric parameters of the air distribution device. Application of
air distribution with the use of the swirl and flat air jet laying effect allows to significantly increase the
ADPI (Air Distribution Performance Index) criteria when supplying a big amount of air to the
technological premises and there by reducing the material consumption of the ventilation system.
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HaBeneHo pe3yibTaTH eKCIIEPUMEHTAIbHUX JOCTIKEHb 3BOPOTHOTO MOTOKY HPH PO3MOALT MOBITPSA
TUTOCKUMH CcTpyMeHsMH. HaBezeHo TpadiuHi Ta aHANITHYHI 3aJeKHOCTI. Pe3ynpTatamu HOCHIIKEHb JAOKa-
3aHO BHCOKY €()EKTHUBHICTH 3allPOIIOHOBAHOI CXEMH PO3IOJUTY MOBITPS B TEXHOJIOTIYHMX MAajorabapuTHHX
OPUMIIIEHHSIX. MeTolo poboTH € BHUBYECHHS XapaKTepy pO3MOBCIOMKCHHS BUXPOBHX Ta HACTHIBHHUX
CTPYMEHIB Y OOMEXEHOMY MPOCTOpi BUPOOHWYOTO MPHUMIIICHHS Maloi BHCOTH 3 HAsSBHICTIO B HBOMY
TEXHOJIOTIYHOTO O0JIaHAHHSA Ta OOCIYroBYIOUOro NEpCOHANY, BHSBICHHS 3aKOHOMIPHOCTEH PO3BUTKY
MOBITPSIHOTO TIPHUIUIMBHOTO CTPYMEHS y 3BOPOTHOMY IOTOLI Ta OOIPYHTYBaHHS METOIHMKH PO3PaxXyHKY.
BcraHOBIEHO KUIBKICHHE ONMC XapaKTEPUCTHK Ta 3aKOHOMIPHOCTEH PO3BHTKY BHXPOBHUX Ta IUIOCKHX
HACTHJIBHUX CTHCHEHHMX CTPYMEHIB y 3BOPOTHOMY HoTomi. OTpHMaHO pO3paxyHKOBI 3aJeXKHOCTI Ui
BHU3HAUEHHS IapaMeTpiB BUXPOBUX Ta HACTUJIBHHUX IUIOCKHX CTPYMEHIB y 3BOpOTHOMY moromi. OOrpyH-
TOBAHO, 1[0 €(EKTUBHICTh 3aCTOCYBAHHS BUXPOBHUX Ta IUIOCKUX HACTHIBHHUX CTPYMEHIB JIJI MOJadi MOBITPS
B po0OOYy 30HY TEXHOJIOTIYHUX NPHMIIIEHb € BHCOKOI. OTpuMaHi pe3ynabTaTH Ial0Th 3MOTY OOYHMCINTH
MOYaTKOBY HIBHKICTh CTUCHEHOTO MOTOKY BHXPOBOTO Ta IPHIUIMBHOTO IIOCKMX HAaCTWJIHUX CTPYMEHIB y
HEBEJIIMKUX 3a pO3MipaMH BHPOOHHYMX MPHUMIIICHHAX 3 HASBHICTIO TEXHOJIOTIYHOTO OONaZHaHHS Ta
00CIIyTOBYIOYOTO TIEPCOHATy Ta BU3HAYMUTH T'€OMETPHYHI IapaMeTpH MPHUCTPOIO PO3MOIITY MOBITPS.
3acTocyBaHHS PO3MOALUIY MOBITPS 3a €EKTOM HACTHWIAHHS BHXPOBHMX Ta INIOCKHX IOBITPSHUX CTPYMEHIB
JIO3BOJISIE 3HAYHO MiABHUIIUTU KPUTEPii MPOTYKTUBHOCTI PO3MOALTY MOBITPSI MPH HOAA4i BENHKOI KiJIBKOCTI
MOBITPSL O TEXHOJOTIYHUX NPHUMILNICHh i TMM CaMHUM 3MEHIIUTH BUTpATy MaTepialiB y BEHTWIALIHHIHA
CHCTEMI.

KuirouoBi c/jioBa: moBiTpopo3nonisi, BeHTW/silis, BUTPaTa, MWBHUAKICTH NOBITPsi, BUXPOBHUIi
NOBITPSIHMIA MOTIK, CTHCHEHUH CTPYMiHb, HACTHIbHUI IUVIOCKUIA MOBITPSAHMI CTPYMiHB.



