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The issue of the normative air exchange ensuring in the premises of the boiler houses is
extremely important. The article presents the results of theoretical and experimental studies of air
velocity determination in the distribution of air by round and compact jets in the boiler room.
Graphical and analytical dependences are given. The research results substantiate the higher accuracy
of the average air flow velocity determination in small boiler rooms. The aim of the work isto develop
a method for experimental determination of the efficiency of the ventilation system in the boiler room;
to increase of the accuracy of the average velocity determination of the round and the compact air jets
in the plane of the supply nozzle to ensure the normative air exchange of the boiler room and to
substantiate of the calculation method. The characteristics and patterns of development of round and
compact air jets in the premises are established and the calculated dependences are obtained. The
unitless integral air velocity for the round and compact air jets in the boiler room is established.
Calculation dependences for determining of the air flow rate in the boiler room have been obtained. It
is substantiated that the application of the proposed method will significantly increase the accuracy of
air exchange determination in the boiler rooms to ensure the required value in accordance with
regulatory requirements. Also it is substantiated that to obtain satisfactory experimental results on
speed measurementsin the boiler room, it is necessary to measure the speed in the center of the supply
nozzle several timeswith maximum accuracy. Then multiply the result by therelative average velocity:
for around jet v, = 0.26 and for a compact jet — v,, = 0.2025. The obtained results allow to avoid a
significant error (19 %) in determining the required air exchange ventilation of the boiler room.
Recommendations for the practical deter mination of the calculated valuesto ensure proper ventilation
of the boiler roomsare given.
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I ntroduction

Internal microclimate of the premises is determined by the different characteristics (Gumen et al.,
2016; Voznyak et al., 2005). So does concentration of CO, (Kapao et al., 2018; Kapalo et a., 2019;
Kapdo et d., 2014) etc. Internd microclimate of boiler rooms must be according to normative characteristics of
indoor air of the boiler premise (Redko et al., 2019; Redko et d., 2018).

In accordance with the current regulations (DBN B.2.5-77:2014) for boiler rooms with excess
heat, should provide a ventilation system with natural motivation. If it is impossible to provide the
necessary air exchange due to natural ventilation, design ventilation with mechanical motivation.
Ventilation systems, methods of supply and removal of air must be taken in accordance with Annex D
(DBN B.2.5-77:2014). For premises of built-in boilers and roof boilers running on gaseous fuel, as well
as premises of separately located and attached boilers with an area of not more than 200 m? or height not
more than 6 m, it is necessary to provide not less than three air exchanges per hour air consumption for
combustion.
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Thus, the conditions of comfort are primarily determined by minimal 3-time air exchange
concerning natural air exhaust. Air inflow amount must be some more, because there is needed additional
air inflow amount for the gas burning in the boiler furnace (Dovhaliuk & Mileikovskyi, 2007; Voznyak et
a., 2005). This value must be maintained by nature ventilation devices and depends on the designed air
exchange structure and air distribution schemes in the boiler premise (Dovhaliuk & Mileikovskyi, 2008;
Voznyak et a., 2019). Combination of all factors determines the nature of the air stream and leakage of
air jetsin the premise (Dovhaliuk & Mileikovskyi, 2013; Voznyak et al., 2019).

Therefore, during the commissioning of the boiler house and during the off-season commissioning
works, the boiler room ventilation systems are certified for compliance with the estimated costs of supply
and exhaust air.

The amount of triple air exchange is usudly determined experimentally. The air velocity is measured
several times at several pointsin the cross section of the supply and exhaust vents for further averaging of
the results, as well as the area of the vents themselves. Therefore, the performance of the system is
analytically determined by the continuity equation. This does not take into account the nature of the
inflow jet, its characteristics and features. Because the jet profile is specific, there is a possibility of
significant error in the choice of measurement points and their number.

Target of thisarticle

The aim of the work is to develop a method for experimental determination of the efficiency of the
ventilation system in the boiler room; to increase the accuracy of determining the average speed of round
and compact air jets in the plane of the supply nozzle to ensure the normative air exchange of the boiler
room and to substantiate the cal culation method.

Techniques used

The importance of taking into account the influence of air flow disturbances due to low gabarites of
the premise and presence of technological equipment as well supporting personnel in the premise on air
velocity distribution and their features, is explored in (Gumen et al., 2016; Dovhaliuk & Mileikovskyi,
2007; Dovhaliuk & Mileikovskyi, 2008). In such conditions it is necessary to provide a necessary air
exchange in the boiler room. In addition to providing triple natural extraction, the supply of excess supply
air for gas combustion should be taken into account, ensuring air balance. One of the directions of
ventilation efficiency increasing is using of compact and round inflow and exhaust air jets. (Voznyak et
a., 2019). In addition to efficiency increasing it is the phenomenon of a stream laying on the ceiling that
influences on the stream field, the expanded flow, the processes of mixing and extinction of velocity in
thejet (Kapao et a., 2019; Kapalo et a., 2014). 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
isthe application of amethod of supplying air to the working area by laying round or compact air jets.

In this paper, the compact and round laying air jets are considered, that are directed along an
industrial premise of low height in the presence of technological equipment and supporting persone for a
dead-end scheme, in which the exhaust holes are situated in the same plane as the incoming hole (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 determination of the average air
velocity in the hole of the incoming air flow.

In ventilation technology, air supply is carried out through supply inlets (Fig. 1). Usualy free non-
isothermal turbulent jets are formed. They can be of different types: round, compact, flat and others.

Free jets do not interfere with their development, and the compressed surfaces are affected by
the surface of the premises. If the outlet temperature of the jet from the nozzle coincides with the air
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temperature in the room, the jet is isothermal, and if it does not coincide (higher or lower) — then
non-isothermal (heated or cooled). If the criterion Re < 2300, then the jet is laminar, and at values of
Re > 10000 — turbulent.

The flow region with constant velocity and temperature is the core of the jet. Along the axis of the

nozzle at a certain distance from its cut is the pole of the jet O. If from it through the boundaries of the cut
nozzle to draw rays, we obtain the outer boundaries of thejet.

Fig. 1. Boiler room

In the main section, the development of the jet is accompanied by a monactonic drop in the axia
velocity . Inisothermal jets, the axial velocity v is determined by the known formula:

Vy = 1

where x — the flow coordinate; M — dynamic characteristics:
__ 066
oo \F Ye-v,-\F, . ©

where « —the angle of opening of the jet, a a = 12°25', and tga. = 0.22; ¢ — coefficient of local resistance,
¢£=1, T, T, —absolute temperatures, respectively, at the outlet of the nozzle and in the room; v, — initia
speed, m/s; F,— the area of the supply nozzle, m?.

Rate attenuation coefficient m (Gumen et al., 2016; Dovhaliuk & Mileikovskyi, 2007; Dovhaliuk &
Mileikovskyi, 2008) is an important parameter, that is determined from (3):

?;j?( Je. 3
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Hence the axial velocity v,:

:m-vo-E. 4

It is known, the velocity profile in the cross section of the free compact air jet has the form as
shown in Fig. 3. The velocity vy in any section “x” at adistance “y” from the axis of the free compact jet
(Fig. 2) is defined both by the Reichardt and Schlichting theories. The profile of the velocity distribution
in the cross section of the free jet obeys the law described by Reichardt's formula, namely:

vy _ e0.7[y:5]2 | -
V.

X
where v, and v, — axial and transverse velocities, respectively, m/s; y — current transverse coordinate, m;
Yos — atransverse coordinate in which the transverse vel ocity is equa to half the axial.
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Fig. 2. Dependence of relative velocity on relative transverse coordinate:
dashed line — results by traditional methods; solid line — refined results

This theory takes into account that the air velocity does not reach zero near the jet limit. Its disadvantage
isthat it does not delineate the boundaries of the jet by the nature of the exponent. The jet boundaries are taken
into account by Schlichting, but a conditiond smplification is considered, that at the jet boundary the velocity
iszero, whichisnot redly true. The speed profileis described by the following formula

_f52

v 1—(y

: (6)

y = Vx

where y —the relative transverse coordinate, which is defined as y = , ayand y,, —respectively, the
yep
transverse absol ute coordinate and the distance to the jet boundary.
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g —therdative transverse velocity determined by (3):

— v

y
=2, 7
vy , (7

It is advisable to use the relative values of velocities, axial vy =v, /v, and in any cross section

vy =V, /vy

When determining the speed of supply and exhaust jets in the boiler room, the method of
performing measurements at several points in the cross section of supply and exhaust holes with their
subsequent averaging is generally accepted. But the graph of the axia velocity and the velocity profile
(Fig. 2) indicate that when choosing points there is a possibility of error, which can be significant. The
article proposes to avoid this phenomenon by determining the integral velocity on the basis of formula (2)
for round and compact jets. Since the circular jet is symmetrical, it is advisable to use a multiple integral
and polar coordinates. For a compact jet, it is advisable to apply the flat problem twice along mutually
perpendicular axes.

For acircular jet, open the brackets in the Schlichting formulaand go to the polar coordinates:

inm —

(1201547 pdpfdcp. 6

O\H

After separating the variables:

1 27
2. 4
Vium f p—2p 5—|—,0 )dpfd‘P- )
0 0
We get the result of integration:
1
Vinm [OSP 35 35 ]6+_p5|](-)]277' (10)

After substituting the integration limits, We obtain the relative integral velocity v,,,= 0.26rx. The
area of the jet F in the plane of the nozzle F= nr?, ie n relative units, (nr?, where r = 1), so the average
relative velocity of the circular jet v, = 0.26.

For a compact jet we use Cartesian coordinates:

Vium :f[l 2y 4y ]d (1)
The result of integration:
4
- 2 —25|1 1-
Vium =Y %_Ey %)'f'z)’ ‘%) : (12)

After substituting the integration limits, we obtain the relative integral velocity along the axes OY
and OZ v,,,= 0.45 and the resulting v;,, = 0.2025. The area of the jet F in the plane of the nozzle F = 4r?,
ie 4 relative units, and the average relative velocity of the circular jet v, = 0.2025.

Comparing the areas of the nozzles and the average velocities of the jets in the plane of the nozzles,
we abtain:
nrl4r® = /4= 0.785;

0.2025/0,26 = 0.779.
As we can see from the obtained results, there is a satisfactory convergence.
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When using the traditional process of determining the average speed in the plane of the inlet,
averaging the measurement results (dashed line in Fig. 2) we obtain v, = 0.5. This result is obtained by
integration, i.e determining the area of the triangle, and hence its midline. When considering the actual
velocity profile, the integration result is v, = 0.45. In the case of aflat problem, the error is 10 %. If we
consider the spatial problem for the actual profile, then determining the triple integral we obtain the result
Ve, = 0.2025. Accordingly, the traditional method gives aresult of 0.5 x 0.5 = 0.25 with an error of 19 %.
And this error is not with a shortage, but with a surplus, ie significantly worsens the situation.

Therefore, to obtain satisfactory experimental results on speed measurements in the boiler room, it
is necessary to measure the speed in the center of the supply nozzle severa times with maximum accuracy.
Then multiply the result by the relative average speed: for around jet v, = 0.26 and for a compact jet —
Ve, = 0.2025. To do this, do not use the coordinator, and find the point at the intersection of the diagonals
for the compact jet and the point at the intersection of the diameters for the round.

Conclusions

On the basis of the obtained results we state:

— the unitless integral air velocity for the round and compact air jets in the boiler room is
established;

— caculation dependences for determining of the air flow rate in the boiler room have been
obtained;

— it issubstantiated that to obtain satisfactory experimental results on speed measurements in the
boiler room, it is necessary to measure the speed in the center of the supply nozzle several times with
maximum accuracy. Then multiply the result by the relative average speed: for around jet v,, = 0.26 and
for acompact jet — v,, = 0.2025.

— the obtained results allow to avoid a significant error (19 %) in determining the required air
exchange ventilation of the boiler room.

The obtained results allow us to calculate the average velocity of the compact and round air jetsin
the boiler room and to determine the air flow rate, needed according with normative documents.
Application of this method allows to significantly increase the accuracy of air flow rate determination for
the boiler room.
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Kadenpa Teraora3onocTayatHst 1 BeHTUIAIIIT

METOJ EKCIIEPUMEHTAJIBHOI'O BUSHAYEHHSA
E®EKTUBHOCTI CACTEMM BEHTHJISAIIT B IPUMIIIEHHI KOTEJIBHI

© Bosnsk O. T., FOpkesuu FO. C., Cyxonoea I. €., [Josoyuw O. M., Kacuneys M. €., 2020

VY craTTi mpeacTaBiIeHi pe3yNbTaTH TEOPEeTHUHUX Ta eKCIEPUMEHTANbHUX JOCIHIHKEHh BU3HAUCHHS
IIBUJIKOCTI TIOBITPSIHOTO MOTOKY NP PO3MOALTI MOBITPSI KPYIJIUMH Ta KOMIIAKTHUMH CTPYMEHSAMH Y MIPUMi-
IICHHI KOTENbHi, OCKIJIbKY MHUTaHHS 3a0e3IeUeHHS HOPMAaTHBHOTO MOBITPOOOMIHY Yy HMPUMIIIEHHSIX TaKOTO
TUIy € HaA3BUYaifHO akTyanbHUM. HaBeneni rpadiuni Ta aHaMITHYHI 3aleXHOCTI mpouecy. PesynbpraTamu
JIOCIIPKeHb OOIPYHTOBAaHO BHCOKY TOYHICTh BH3HAUCHHS CEPEIHBOI IIBUAKOCTI MOBITPSHOI CTPYMHHH B

MaJ'IOFa6apI/ITHI/IX HpI/IMiH.[eHHHX KOTelIeHb. MeToro pO6OTI/I € p03p06I/ITI/I METOJA CKCIICPUMCHTAJIBHOTO BU3HA~
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YeHHS e()eKTUBHOCTI CHCTEMH BEHTWIIALIII B IPUMIIICHHI KOTEIBHI; IABUAIIUTH TOYHICTh BU3HAYCHHS CEPEIHBOT
MIBUAKOCTI KPYIJIMX Ta KOMIIAKTHUX HOBITPSHUX CTPYMHH Yy IUIOIIMHI NMPHUIUIMBHOTO Hacajaka sl 3abe3re-
YEeHHs] HOPMAaTHBHOTO MOBITPOOOMiHY Y MPUMILICHHSIX KOTEIEHb Ta OOIPYHTYBaTH METOMUKY PO3PaxyHKY.
BcTaHOBNIEHO XapaKTEPUCTUKH Ta 3aKOHOMIPHOCTI PO3BUTKY KPYTJIMX Ta KOMITAKTHUX CTPYMHUH y IPUMIIICH-
HSX 1 OTPUMAHO BiAMOBITHI PO3PAXyHKOBI 3alIeKHOCTI. TakoX BU3HAUEHO, IO JUIsI OTPUMaHHS 3aI0BITbHUX
eKCIIepUMEHTANBHUX PEe3yJbTaTiB IPH BUMIPIOBAHHI IIBHIKOCTI B KOTEIbHI HEOOXITHO KiIbKa pa3iB BUMi-
PATH MIBUIKICTD Y IEHTPI )KUBHIBHOT (POPCYHKH 3 MAKCUMAJIBHOIO TOUHICTIO, & HOTIM MOMHOXKUTH Pe3yIbTaT
Ha BITHOCHY CEpEIHIO MIBUAKICTE: U Kpyrioi ctpyMuHH Vay = 0,26, a 11t KoMImakTHOT CTpyMUHU — Vgy =
0,2025. O6rpyHTOBaHO, IO 3aCTOCYBAHHS 3alPOIIOHOBAHOTO METOIY MO3BOJHTH CYTTEBO MIJABHIIMTH TOY-
HICTh BH3HAUCHHS MOBITPOOOMIHY Y MPUMIIICHHSX KOTEICHb I 3a0€3MeUcHHsT HeOOXITHOT BEIITYUHY TIOBITPO-
00OMiHy 3TiHO 3 HOpMaTUBHIMH BUMOraMu. HaBesieHO pekoMeHaanil MpakTHYHOTO BU3HAYECHHS pO3PaxyHKOBUX
BEJIMYUH 7151 3a0€3MeUeHHsI HaJIeKHOT BEHTHIISIIIT IPUMIIIEHb KOTEJICHb.

Ku1r04yoBi cji0Ba: BeHTHIIsILISI, BUTPATA MOBITPS, NOBITPOPO3MOAiT, IIBUIKICTH MOBITPS, KPYr-
JIMii MOBITPSIHMIA CTPYMiHb, KOMIIAKTHA MOBITPSIHA CTPYMHUHA.



