
Article citation info:  
Voznyak O, Spodyniuk N, Sukholova I, Savchenko O, Kasynets M, Datsko O. Diagnosis of three types damages to the ventilation system. 

Diagnostyka. 2022;23(1):2022102. https://doi.org/10.29354/diag/145500  

1 

 

1 

DIAGNOSTYKA, 2022, Vol. 23, No. 1 
e-ISSN 2449-5220 

DOI: 10.29354/diag/145500  

 

DIAGNOSIS OF THREE TYPES DAMAGES TO THE VENTILATION SYSTEM  
 

Orest VOZNYAK 1, Nadiia SPODYNIUK 2, Iryna SUKHOLOVA 1, Olena SAVCHENKO 1,  

Mariana KASYNETS 1, Oleksandra DATSKO 3 

1 Lviv Polytechnic National University, Department of Heat and Gas Supply and Ventilation 

St. Bandery, 12, 79013, Lviv - 13, Ukraine, e-mail: orest.voznyak@i.ua 
2 National University of Life and Environmental Sciences of Ukraine,  

Department of Heat and Power Engineering,  

Heroyiv Oborony Str., 12, 03041, Kyiv, Ukraine, e-mail: n_spoduniuk@meta.ua 
3 Lviv Polytechnic National University, Department of Civil Safety 

St. Bandery, 12, 79013, Lviv - 13, Ukraine, e-mail: dacko_lp@ukr.net, 
 

Abstract 

The article is devoted to solving of urgent problem to eliminate damage in ventilation system. That is caused 

by non-adequate long range, stagnant unventilated areas in the room existance and high noise level in the 

premises at air distribution by swirled air flow, compact air jet, flat air stream and rectangular air jet. A noise 

level of air supply with swirled air flow, compact air jet, flat air jet and rectangular air stream in the room has 

been investigated. It is shown that in order to achieve the maximum noise level decreasing it is necessary to 

ensure its supply by jets, which less intensively attenuate before entering the premise working area. Results of 

the experimental research are presented as graphical and analytical dependences. The acoustic properties of the 

swirled air flow, compact air jet, flat air stream and rectangular air jet have been investigated and means of 

situation improving have been determined. The results of experimental research of air supply to the room are 

presented. It is established that with the increase of the angle of swirling plates inclination and ratio of the slit 

sides the air jets noise level decreases. 

 

Keywords: air distribution, air velocity, swirled air jet, compact air jet, flat air jet. 

 

 

 
© 2022 by the Authors. Licensee Polish Society of Technical Diagnostics (Warsow. Poland). This article is an open 

access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license 
http://creativecommons.org/licenses/by/4.0/). 

1. INTRODUCTION  

 

The human physiological needs [13, 14] and the 

effectiveness of human work depends largely on the 

indoor climate [12]. Important problems of room 

ventilation are to ensure both effective organization 

of air exchange and air distribution [10]. So, the 

requirements of ensuring of the normalized air 

velocity and temperature in the premise working 

area [4, 13, 14] and energy efficiency [1, 28, 38, 41] 

should be followed. Heat utilization of exhaust air by 

recuperators [2, 7, 37] is often used. It is obvious that 

creation of a dynamic indoor climate is also 

advisable in the closed spaces [20, 38]. It means 

periodic change of air temperature or air velocity in 

the working area of the room. 

Sometimes the production process is taken place 

in small-sized premises, overloaded with 

technological equipment and personnel [39]. In this 

case the compressed conditions for air jet are created 

in these premises. There is a need to supply a large 

amount of tidal air. This usually makes it impossible 

to provide a normalized air velocity in the premise 

working area [17, 24, 32, 33]. The air stream velocity 

often exceeds the normalized values. As a result, it 

Nomenclature 

α – angle of the twisting plate’s inclination 

ζ – coefficient of aerodynamic resistance 

ψ – additional function 

c – experimental constant 

d, D  - diameter of the air distributor with the 

twisting plates, mm 

b – height of the slit, m 

F0 – the area of openings, m2 

l – length of the slit, m 

L – air flow rate, m3/h 
−

L  – sizeless aerodynamic noise level 

m – velocity attenuation coefficient 

n – exponent 

v – velocity, m/s, 

x – running coordinate, m 

 

Subscripts 

0 – initial 

max – maximal 

r – rectangular 

x – current 

s –swirled 
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does not provide effective attenuation of the air flow 

velocity [8]. The quantitative characteristic of the air 

stream velocity attenuation is corresponding 

attenuation coefficient m. It is known [8, 27], that 

decrease of air velocity attenuation coefficient is a 

desirable factor. It demands of intensive turbulence 

of air flow and results in increase of aerodynamic 

local resistance [9, 10, 30, 40]. If the velocity 

attenuation coefficient m is high, it indicates 

insufficient stream turbulence and a significant 

advantage of dynamic forces over friction ones. The 

velocity attenuation is directly related to air jet long 

range [31]. When the air jet long range becomes too 

high it needs to be reduced, because the conditions 

of comfort are violated [21]. This phenomenon 

means that the ventilation system has a damage type 

1 [31].  

For this purpose the air distribution devices are 

proposed which provide a high intensity of the air 

velocity attenuation of the inflow stream with the 

formation of a swirled air jet [35]. This is a round 

shape of air jet. Another suitable one is rectangular 

shape of air jet: a flat, compact or rectangular one 

[31]. 

There is opposite problem, connected with 

insufficient air velocity attenuation coefficient. As a 

result stagnant unventilated areas in the room are 

formed due to insufficient air jets long-range [31]. 

Air distribution devices have a high coefficient of 

aerodynamic resistance ζ and the ventilation system 

becomes energy consuming [18, 22]. Thus, the air 

stream long range becomes too low and needs to be 

increased [31]. This results in to an excessive CO2 

concentration in the premise [5, 12]. This is damage 

type 2 to the ventilation system [31, 34]. 

An adequate choice of air distribution devices [3, 

20, 35] with the appropriate coefficient of air jet 

velocity attenuation and also achieving proper air jet 

long range in a premise is mean for overcoming 

damage to the ventilation system of both types.  

All proposed air jets (swirled, compact, flat, 

rectangular) have positive aerodynamic 

characteristics. But it is important question 

concerning acoustic properties of these air jets, 

namely noise level at its leakage. Excessive noise 

level means that the ventilation system has a damage 

type 3. The noise appearance at jet’s leakage from 

air distributors [31, 36] is necessary to take into 

account in designing ventilation or air conditioning 

system [17, 33]. Noise generation at air jet’s flowing 

out from outlet depends on its constructive 

realization and air jet stream velocity. The noise 

level is very important under leakage from the air 

distributor, when ventilation or air conditioning 

systems in premise is designed. Creation of noise by 

air-forming nozzles depends on its design 

performance and the air flow rate. There are known 

acoustic characteristics of the different air 

distributors [19, 36]. However, it is necessary to 

investigate noise level of proposed swirled and 

rectangular air jets at the different initial conditions.  

Because of noise influences on the environment 

[36], solution of this problem is very significant. 

Analysis of literary data has shown that a 

comfortable state of a person in a premise depends 

on many factors: air temperature [4, 24], air velocity 

[13], humidity, temperature of the premise surfaces, 

noise level, thermal resistance of clothing, 

concentration of CO2 in the premise [15, 16], etc. Air 

distribution schemes are considered and analyzed for 

being most appropriate to be used indoors, taking 

into account first of all the attenuation of inflow air 

jets [6, 26, 29]. It is substantiated that the most 

efficiency can be achieved using swirled air jets [37], 

that can leakage from the air distributor at the 

different angles of the twisting plates inclination 

[38], as well rectangular air jets at different ratio slit 

sizes (length and height). This ratio means flat, 

compact and rectangular air jet. 

There are suitable mathematical models [21 – 23] 

so that to create an adequate hypothesis and to 

answer the questions: which are acoustic 

characteristics of the air jet at these conditions, 

which is a noise level created, air velocity 

attenuation coefficient and an aerodynamic local 

resistance coefficient? 

Ensuring comfort conditions in premise and 

achieving energy efficiency of air distribution is 

possible due to elimination of damages of three 

types. This should be realised by optimizing the 

attenuation coefficient of air velocity, long range and 

also noise level by using of compact, flat, rectangular 

and swirled air jets. 

 

2. GOAL OF THIS PAPER 

 

The aim of the work is to eliminate damages of 

three types in ventilation systems due to: 

investigation of swirled air jet at the different angles 

of the twisting plates inclination; research of 

rectangular air jets at the different ratio slit sizes 

(length and height), that means flat, compact and 

rectangular air jet; analytical dependencies obtaining 

for characteristics determination of the all proposed 

air flows; dependency determination of air velocity 

attenuation coefficient, aerodynamic local resistance 

coefficient and noise level from the angle of the 

twisting plates inclination for swirled air jet and from 

ratio slit sizes for rectangular ones; optimization of 

the twisting plates inclination angle for swirled air 

jet and ratio slit sizes for rectangular ones. 

To achieve the goal, it should be to carry out the 

the following research tasks: 

- to analyze the characteristics of rectangular, flat, 

compact and swirled air jets, their efficiency and  

dependencies for calculation; 

- to generalize and deepen the theory of 

aerodynamic processes in air supply by flat, 

compact, rectangular and swirled jet streams; 

- to perform theoretical and experimental research 

of air distribution by rectangular, flat, compact 

and swirled air streams; 
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- to establish graphical and analytical dependences 

for determination of the air velocity attenuation 

coefficient, aerodynamic local resistance 

coefficient and noise level from the angle of the 

twisting plates inclination for swirled air jet and 

from ratio slit sizes for rectangular ones. 

 

3. RESEARCH OF THE SWIRLED, FLAT, 

COMPACT AND RECTANGULAR AIR 

JET NOISE LEVEL AT IT LEAKAGE 

 

This work is continuing of air distribution 

research [31]: the air distributor (Fig.1 a) creates 

swirled air jet and devices (Fig.1 b, c, d) – compact, 

rectangular and flat air jets. In application of all 

devices (Fig.1) the variation of the flow rate is 

provided. In case of device (Fig.1a) variation of the 

twisting plates angle inclination was provided, but in 

case of devices (Fig.1 b, c, d) – of the ratio slit sizes 

(length and height).  

It is necessary to carry out experimental studies 

and to establish numerical dependency of air  

 

velocity attenuation coefficient, aerodynamic local 

resistance coefficient and noise level from the angle 

of the twisting plate’s inclination for the swirled air 

jet and from the ratio slit sizes for the rectangular air 

jet. 

It is known, that flat [9], compact [37, 38] and 

swirled [35, 37, 38] air streams are ones of the most 

popular in ventilation technology. As we know, flat 

and compact air jets are usually used as horizontal, 

and swirled – as vertical [37, 38]. However, 

rectangular air jets were not considered, their 

research was started only in [31]. The reason is 

particular ratio slit sizes, namely length to height. In 

case of flat air jets tidal slit has a ratio of length to 

height l/b ≥ 10, and with a ratio of 1 ˂ l/b ˂ 10 it is 

expedient to call jets rectangular [31]. Hole’s shape 

for compact air flows is round or square. If there are 

plates (Fig.1 a) in the cylindrical hole that can be 

deviated by a certain angle α, then the swirled air jets 

are created. The twisting factor determines the 

special properties and aerodynamic characteristics of 

swirled air jets. As a result, they have different  

 

 

a) 

 

b) 

 

 

c) 
 

d) 

 
e) 

Fig. 1. Experimental installation: a) – slit with the ratio of the sides l/b = 10 (300x30 mm) for a flat air jet b) – slit 

with the ratio of the sides l/b = 2.5 (225x45 mm) for a rectangular air jet; c) – slit with the ratio of the sides l/b = 2.5 (150x60 

mm) for a rectangular air jet; d) – slit with the ratio of the sides l/b = 1 (100x100 mm) for a compact air jet; e) – air 

distributor D = 250 mm with the twisting plates for a swirled air jet 
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coefficients of air velocity attenuation and 

aerodynamic resistance, different acoustic properties 

of aerodynamic noise [36] depending from the 

twisting plates angle inclination. In particular, it 

would be interesting to compare the aerodynamic 

noise of flat, compact and rectangular air jets 

depending on the ratio of the sides of the supply slit 

l/b and swirled air stream depending on the angle of 

the twisting plate’s inclination α. 

As hypothesis we can assert that the aerodynamic 

noise of air jets is directly affected by the air velocity 

attenuation coefficient, which depends on the air 

distributor aerodynamic resistance. As we know 

[31], the flat air jet has the highest aerodynamic 

resistance and the compact air jet – the lowest. Due 

to sudden narrowing the aerodynamic resistance 

coefficient is higher and velocity attenuation 

coefficient is lower [25], which results in to the air 

jet noise level increase. Obviously, it is necessary to 

take into account the initial air jet velocity and the 

size of the tidal nozzle to determine the aerodynamic 

noise level. The aerodynamic resistance coefficient 

of the swirled air jet depends on the angle of the 

twisting plates inclination. 

Due to self-similarity property, the hypothesis 

may be proposed: because of at smaller angles of the 

plate’s inclination more intense turbulence of the 

swirled air jet is observed, so the attenuation 

coefficient of velocity decreases and both the 

resistance and noise level increases. So does 

rectangular air flows, because of angles of the plates 

inclination for the swirled air stream are similar to 

the ratio slit sizes for the rectangular air jet. Thus at 

smaller ratio slit sizes b/l more intense turbulence of 

the rectangular air jet is observed, so the attenuation 

coefficient of velocity decreases and both the 

resistance and noise level increases. 

This paper presents a generalization of the 

analytical dependencies for determining the 

aerodynamic noise level L of the flat, compact, 

rectangular and swirled air jets and bringing them to 

a universal form. It should be noted that 

aerodynamic noise level for the universality must be 

presented in sizeless form. 

For the convenience of the graphic image and 

analytical approximation, the ratio of the sides 

dimensions of the flat slit is presented in the form b/l 

instead of l/b. 

Taking into account the hypothesis, we assume 

the dependence (1) to determine the sizeless 

aerodynamic noise level of the flat, compact and 

rectangular air jets: 

𝐿
−

= 1 − 𝑐 (
𝑏

𝑙
)
𝑛

 (1) 

where:  

𝐿
−

 – sizeless aerodynamic noise level as relation 

current noise level L to maximal Lmax; 

b and l – accordingly height and length of a tidal slit, 

m; 

c – experimental constant, which depends on the 

ratio of the length of the tidal slit to its height l/b; 

n – exponent. 

Due to self-similarity property for the 

convenience of the graphic image and analytical 

approximation, equation for the swirled air jet is 

presented in the form (2): 

𝐿
−

= 1 − 𝑐𝛼𝑛 (2) 

Where: 

𝐿
−

 – sizeless aerodynamic noise level as relation 

current noise level L to maximal Lmax; 

α – the angle of the twisting plates inclination, 

degree; 

c – experimental constant; 

n – exponent. 

The experimental investigations of the air 

distribution by both swirled and rectangular air jets 

have been carried out on the installation shown in 

Fig.1 under such conditions and simplifications: 

- all air jets were isothermal; 

- air flow rate was within: L = 100 – 500 m3/h. 

- angles of the twisting plates inclination: 15°, 

30°, 45°, 60°, 75°, 90°; 

- the initial velocity of air in nozzles for supply 

was in the range of: v0 = 2 – 6 m/s. 

- the area of openings F0 = 0.009 – 0.010 m2; 

- the ratio of the sides of the tidal slit: l/b = 10; 5; 

2.5; 1; 

- diameter of the air distributor with the twisting 

plates: d = 150 mm, D = 250 mm. 

Air velocity has been measured by thermal 

electrical anemometer Testo-405 using a coordinate 

system with a grid of points 5×5 cm. Due to 

measured initial and current air velocities it has 

been determined air velocity attenuation coefficient 

m from equation (3): 

𝑚 =
𝑣𝑥𝑥

𝑣0√𝐹0
 (3) 

Where: 

m – air velocity attenuation coefficient; 

v0, vx – initial and current air velocity, m/s; 

x – running coordinate, m; 

F0  – air outlet space area, m2. 

Noise level has been measured by the UNI-T 

UT-352 noise level meter. The results of acoustic 

properties investigations are presented in Fig. 2.  

This graph shows dependence of all air jets 

leakage noise level: for swirled air jet – from angle 

of air distributor twisting plates inclination and for 

all other air jets – from the ratio b/l of the height b 

to length l of the tidal hole. 

This graph (Fig. 2) is approximated by equations 

for determining of the sizeless noise level 𝐿 

depending from the angle of inclination α (4) of the 

twisting plates and from slit sizes  ratio b/l (5): 

𝐿
−

= 1 − 0.03𝛼0.5 (4) 

𝐿
−

= 1 − 0.32 (
𝑏

𝑙
)
0.5

 (5) 
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Fig. 2. Chart of the sizeless noise level 𝐿 dependencies: 

1 – from the angle α of the twisting plates inclination for 

the swirled air jet; 2 – from slit sizes ratio b/l for the 

rectangular, flat and compact ones 

 

Because of lines on Fig. 2 are very close, it 

confirms self-similarity and universality properties 

as well this data it is more convenient to present in 

Table 1. 

Table 1 

Sizeless noise level 𝐿 dependence from the angle α 

of the twisting plates inclination for the swirled air 

jet and from slit sizes ratio b/l for the rectangular, 

flat and compact ones   

α  9° 15° 18° 30° 36° 45° 60° 75° 90° 

𝐿
−

 0.91 0.89 0.87 0.84 0.82 0.8 0.77 0.74 0.72 

b/l 0.10 0.16 0.20 0.33 0.40 0.50 0.66 0.84 1.0 

𝐿
−

 0.90 0.87 0.85 0.82 0.80 0.77 0.74 0.71 0.68 

 

Let us make some explanations to the table 1. 

Since the equations for calculating jets of different 

types have been reduced to an universal form, the 

numerical values of the arguments must meet this 

requirement. The table shows the equality of the 

ratio of the current value to the maximum for both 

the angle α and for b/l, for example 90/900 = 0.10/1.0. 

As it is known [25], in order to provide normative 

values of air velocity in the working area it should be 

reduced the velocity attenuation coefficient m. This 

is achieved by decreasing of the twisting plates angle 

for the swirled air jet and the slit sizes ratio b/l for 

the rectangular flow. But at the same time it 

significantly increases both devices aerodynamic 

resistance and the aerodynamic noise level. Based on 

the experimental results, graphs (Fig. 3) are 

designed. 

In Fig. 3 the research results of velocity 

attenuation coefficient m and an air distributor 

aerodynamic local resistance coefficient ζ of all air 

distributors depending from the angle α of the 

twisting plates inclination for swirled air jet and 

from the slit sizes ratio b/l for the rectangular, 

compact and flat air jets are presented. Velocity 

attenuation coefficient m is presented in the left 

ordinate axis and aerodynamic local resistance 

coefficient ζ of an air distributors – in the right axis. 

All these graphs (Fig.3) are approximated by 

equations (6), (7), (8) and (9) for determining of the 

attenuation coefficients m depending from the angle 

α of the twisting plates inclination for swirled air jet 

(6) and from the slit sizes ratio b/l for all types of 

rectangular air jets, including flat and compact ones 

(7): 

𝑚𝑠 = 0.02 ⋅ 𝛼 − 0.24 (6) 

𝑚𝑟 = 0.6 +
𝑏

𝑙
 (7) 

and for determation of the aerodynamic local 

resistance coefficient ζ of the air distributor – 

hyperbolic equation (8) for swirled air jet and (9) – 

for all types of rectangular air jets: 

𝜁𝑠 =
22.5

𝛼
 (8) 

𝜁𝑟 = 0.3 (
𝑙

𝑏
)
0.5

 (9) 

 
Fig. 3. Graphic dependencies from the twisting plates 

inclination angle α for the swirled air jet and from the 

slit sizes ratio b/l for the rectangular ones 

Solid lines – velocity attenuation coefficient m:  

1) – for the swirled air jet; 2) – for the rectangular air jet. 

Dotted lines – coefficient of local resistance ζ:  

3) – for the swirled air jet; 4) – for the rectangular air jet 

 

Consequently, in terms of velocity attenuation, 

it is effective to use the device at smaller angles of 

the twisting plates for swirled air jet and smaller slit 

sizes ratio b/l for all types of rectangular air jets, 

where the velocity attenuation coefficient is 

minimal. But at the same time, in terms of 

aerodynamic resistance and the noise level, the 

situation is completely opposite. Therefore, it is 

quite logical to see the optimization problem of 

determining the optimal angle of inclination of the 

twisting plates for swirled air jet and optimal ratio 

slit sizes (length and height) for the rectangular air 

jets. This would satisfy the appropriate 

requirements, such as the velocity attenuation m of 

the air jet (material content of the system), the 
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aerodynamic resistance ζ (energy intensity of the 

system) and the noise level (acoustic properties). 

To solve this problem, it is proposed to introduce 

an additional function ψ depending on angle α, 

which combines these values and represents their 

sum: ψ(α) = m(α) + ζ(α) + 𝐿 (α). This representation 

is correct, since all of these quantities are sizeless, 

depend on the same argument - the angle α of the 

twisting plates inclination for the swirled air jet and 

the slit sizes ratio b/l for all types of  rectangular air 

jets and are given by analytical expressions (10) and 

(11). 

 

Fig. 4. Graph for determining of the twisting plates 

inclination optimal angle α (solid lines) and optimal slit 

sizes ratio b/l (dottled lines) taking into account all 

characteristics: attenuation, noise level and resistance 

 

Graphically, it is presented in Fig.4. In analytical 

form – in expression (10) and (11) accordingly for 

the swirled air jet and for all types of rectangular air 

jets, including flat and compact: 

𝜓𝑠 = 0.02 − 0.24 +
22.5

𝛼
+ 1 − 0.03 ⋅ 𝛼0.5   (10) 

𝜓𝑟 = 1.6 +
𝑏

𝑙
+ 0.3 (

𝑙

𝑏
)
0.5

− 0.32 ⋅ (
𝑏

𝑙
)
0.5

   (11) 

Along with the graphical method of determining 

the optimal angle of inclination also the analytical 

method has been applied. To do this, we differentiate 

the expressions (10) and (11), equate the derivative 

to zero, and obtain the equation (12) and (13), which 

are unreasonable to solve by an algebraic method. 

0.02𝛼2 − 0.015𝛼1.5 − 22.5 = 0 (12) 

(
𝑏

𝑙
)
1.5

− 0.15 − 0.16
𝑏

𝑙
= 0   (13) 

Instead, an iteration method is proposed, for 

which we obtain the solution α0 = 36° for the swirled 

air jet and b/l = 0.35 for all types of rectangular air 

jets. Consequently, we obtain graphically α0 = 35° 

and analytically α0 = 36° for the swirled air jet and 

accordingly b/l = 0.35 and b/l = 0.35 (that are exactly 

the same) for the rectangular air jets. 

So, the results are completely acceptable and 

confirm both self-similarity property of different 

types air flows and adequacy of analytical equations 

universality. 

To determine the aerodynamic noise level of 

tidal air jets was implemented planning a complete 

three-factor experiment – Table 2, where the 

determining factors are: 

х1 = v0 – initial air jet velocity, х1 = 2 – 6 m/s; 

х2 = α – the angle of the swirling plates inclination, 

х2 = 15° – 75°; 

х3 = D – nozzle diameter, х3 = 150 – 250 mm. 

The optimization parameter is the air jet sizeless 

noise level 𝐿
−

. The linear mathematical model has 

been assumed. 

Table 2 

Planning matrix of a complete 3-factor experiment 

No x0 х1 = v0 х2 = α х3 = D 
у = 𝐿

−

 

1 + - - - 0.70 

2 + + - - 0,80 

3 + - + - 0.73 

4 + + + - 0.88 

5 + - - + 0.75 

6 + + - + 0.92 

7 + - + + 0.78 

8 + + + + 1.00 

 

According to the results of experiment planning, 

we obtain the regression equation (14): 

𝑦 = 0.82 + 0.08𝑥1 + 0.03𝑥2 + 0.04𝑥3 (14) 

The regression analysis showed that the noise 

level effect is most affected by the initial air 

velocity, and the least affected by the angle of the 

swirling plates inclination. Noise level increases 

with increasing all the determining factors: the 

initial air velocity, the angle of the swirling plates 

inclination and the diameter of the nozzle. 

According to the experimental results a 

nomogram was created (Fig. 5). 

Due to graphical dependence (Fig. 5) the direct 

problem and three inverse problems are solved (the 

corresponding solution keys are presented in Fig. 

5). This means that any value from the four ones 

(the initial velocity v0, the angle α of the twisting 

plates inclination, the diameter D of the nozzle and 

the air jet noise level L) is determined if other three 

are given. This graph (Fig. 5) makes it possible to 

determine the required aerodynamic noise level of 

the swirled air jet to eliminate damage of the third 

type in the ventilation system. 

For compact, flat and rectangular air jets, a 

similar experiment planning matrix is composed 

with the following determining factors: 

х1 = v0 – initial velocity of the air jet, х1 = 2 – 6 m/s; 

х2 = b/l – the ratio of the slit height to its length,    х2 

= 0.1 – 1; 

х3 = b – slit height, х3 = 0.03 – 0.10 m. 
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Fig. 5. Interdependence between aerodynamic sizeless 

noise level L, initial velocity v0, angle of inclination α and 

nozzle diameter D 

 

However, the non-linear mathematical model has 

been assumed. Interaction of the factors has been 

taken into account. 

According to the results of experiment planning, 

it was received the regression equation (15) for the 

aerodynamic noise level as an optimization 

parameter: 

𝑦 = 0.81 + 0.1𝑥1 − 0.02𝑥2 + 0.06𝑥3 + 0.01𝑥2𝑥3 

(15) 

Only the coefficient that takes into account the 

interaction of factors х2 and х3 is significant, and the 

other regression coefficients are insignificant and are 

neglected. 

The regression analysis showed that the smallest 

effect on the aerodynamic noise level is the ratio of 

the sides b/l of the tidal slit, and the effect of the 

initial velocity is the most. However, the interaction 

of such factors as slit height b and the ratio of the 

sides b/l of the tidal slit is significant and should have 

been taken into account. The aerodynamic noise 

level increases with increasing initial velocity and 

slit height, but decreases with increasing ratio of slit 

height to its length b/l. 

According to the results of the experiment, a 

nomogram was created (Fig. 6). 

Similarly, to Fig. 5 due to graphical dependence 

(Fig. 6) four problems are solved (direct problem and 

three inverse problems). The corresponding solution 

keys are presented in Fig.6. This nomogram (Fig. 6) 

makes it possible to determine the required 

aerodynamic sizeless noise level of all types of 

rectangular air jet to eliminate damage of the third 

type in the ventilation system. 

 
Fig. 6. Interdependence between aerodynamic sizeless 

noise level L, initial velocity v0, ratio l/b and tidal slit 

height b 

 

CONCLUSIONS 

 

1. On the basis of the conducted research graphic 

and analytical dependencies for determination 

of the aerodynamic noise level L of all types of 

rectangular air jets (including flat and compact 

ones) and swirled air streams have been 

received and they are brought to a universal 

form. The ability to control the aerodynamic 

noise level of all air jets allows us to eliminate 

damage type 3 to the ventilation systems.  

2. Graphical and analytical dependences for 

determination of air velocities of the 

rectangular, flat, compact, and swirled tidal air 

jets under the condition of creating a 

comfortable microclimate indoors are obtained. 

This eliminates type 3 damage to the ventilation 

or air conditioning system. 

3. The hypothesis of the aerodynamic noise level 

of the flat, compact, rectangular and swirled air 

jets is experimentally confirmed. 

4. The regression analysis showed that the noise 

level of the swirled air jets is most affected by 

the initial velocity, and the least affected by the 

angle of the swirling plates inclination. The 

noise level increases with increasing all the 

determining factors: the initial air velocity, the 

angle of the swirling plates inclination and the 

diameter of the nozzle. The smallest effect on 

the aerodynamic noise level is the ratio of the 

sides b/l of the tidal slit, and the effect of the 

initial velocity is the most. The interaction of 

such factors as slit height b and the ratio of the 

sides b/l of the tidal slit is significant and should 
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have been taken into account. The aerodynamic 

noise level increases with increasing initial 

velocity and slit height, but decreases with 

increasing ratio of slit height to its length b/l. 

These results make it possible to eliminate 

damage of the third type in ventilation systems. 

5. The graphical way of the decision of four 

problems (direct and three inverse) in the form of 

the corresponding keys of the decision for the 

swirled, flat, compact and rectangular air streams 

is presented. 

6. Application of the proposed air distribution 

devices substantially increases the quality of air 

distribution for supplying a significant amount of 

air into small-scale premises. 

7. It is possible to carry out control of air 

distribution selection taking into account limited 

noise level based on the obtained dependencies. 

8. It should be noted that the aerodynamic local 

resistance coefficient and aerodynamic noise 

level are the highest at angle of twisting plates α 

= 15° (swirled air jet) and at ratio slit sizes b/l = 

0.1 (flat air jet); they are the lowest at angle of 

twisting plates α = 90° and at slit sizes ratio b/l = 

1.0 (compact air jet); their optimum value is α0 = 

36° (swirled air jet) and b/l = 0.35 (rectangular 

air jet). 

 

DISCUSSION 

 

The presented results of the research of velocity 

attenuation, local resistance and noise level, as well 

as the optimization of design of air distributors for 

flat, compact, rectangular and swirled air jets are the 

basis for similar investigations of the other types of 

air streams and of the air distribution devices. Since 

the research was carried out only for the free 

isothermal air jets in the steady state, the results for 

compressed air jets in the both steady state and in the 

alternating mode would be interesting. 
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