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Anomayis. [Jompumanns uwucmomu noGIMPAHO20 Cepedosuuja poodouoi 30HU NPOMUCIOBUX NPUMiujeHb € OOHIEI0 3
HAUBANCIUBIUUX YMO8 30epedcelHs 300p0o8 s NoOuHU. 3 Memolo 3abe3neyenns napamempie nogimps 6 poboui 30Hi
HeoOXiOHO MiMIMI3y8amu NOMPANIAHHA MA PO3NOECIOONCEHHA 3a0pyOHeH020 nosimps. [lna npumiujens 3 6aHHAMU
HANoBHeHUMU piOuUHaMu maki npobiemu 6 neputy uepzy Cui0 GUPIULYBAMU 3ACMOCYBAHHAM MiCYe6oi GeHMUNAYii 3
BIOCMOKMYBAUAMU  PI3HUX KOHCMPYKYIU, 6 MOMY HUCTI OUHAMIYHI NOBIMPSHO-CMPYMUHHI 020podicenHs. Ha ocnoei
AHATTMUYHO20 OOCTIONHCEHHS PO3STAHYMI OCHOBHI MOJCIUGT 8aPiaHMU 81AUNTYBAHHA 08OPIEHEE020 NOBIMPAHO-CIMPYMUHHO20
eKpamy NpOMUCI060] 6AHHU WIIAXOM CKAAOAHHS OANAHCO8UX DISHAMb Ol OOCACHEHHSA MAKCUMAIbHO20 Koepiyienma
epexmusnocmi 1. Pozensoaromvcsi CniGiCHI 3yCMPIUHI CMPYMUHU 3 €JCEKYIUHUM NIONCUBIEHHAM YV CHOTYYEHHI 3
06epmosumMy NOMOKAMU, U0 YMEOPIOIOMb CMiliKe 3axXUCHe noje npu 6UNApPOBYBAHHI WKIOIUEO! PIOUHU 3 NPOMUCTIOBOI BAHHU.

Kuouosi crnosa: 0eopienesuil, expanyroya cmpymuna, egekmusHicms, 0Oepmosi NOMoKU, CHIGEICHI
3YCMPIYHT CMPYMUHU.

Beryn. EdextuBHicTh oprasizarii
NOBITPOOOMIHY ~ TMpPHUMIIIEHb  OIIHIOETBCA 32
JoroMororo koedinienta mosirpooominy KL. [pu
30HAJBHIN BEHTHJIATLI T BHKOPHCTOBY€ETHCS
Koe(iIEHT TOBITPOOOMIHY 3a CEepPEIHBO3BAKECHOIO
TEMIIEPaTypol0 BUTSDKHOTO TOBITPSI 32 30HAMU
KL,3ae. Marouu aHaJIOTiI0 IPOCTOPY, 1110 YTBOPEHUH
MeXaMH J3epKaja PiIuHHU, CTIHKAMH TOBITPSHOTO
OTOPODKEHHSI T2 YMOBHOIO MEXKEIO HaJl BAHHOIO, JIO
00’eMy NPUMILLICHHS MOXXHA OTPUMAaTH KOe(ilieHT
e(ekTuBHOCTI 1), MmO Oyae aHajIoroMm KoedilieHTa
noBiTpooOminy KL. [4].

AKTyalbHiCTh JociaimxkenHs. Po3poOka Ta
BIIPOBAPKEHHS €HEepProe(eKTHBHUX, EKOJOTIYHUX 1
TEXHOJIOTIYHO O€3MeYHUX CUCTEM JIOKamizalii Ta
BJIOBJIFOBaHHsI IIKIJJIMBOCTEH 3 MOBEPXHI BaHH JJIs
pi3HUX Taimy3eil BUPOOHHLTBA € AKTYaJbHOIO
po0IEeMOI0 PO3BUTKY IMPOMHUCIOBOCTI YKpaiHU Ta
CBITY.

OcranHi nocaimxenHs ta myGaikauii. Hapasi
BEJIMKOTO TOIIMPEHHA [UIl BUPILICHHS 3aBIaHb
aepoANHAMIKA BEHTHJISLIT, 30KpemMa IS
PO3paxyHKy CTPYMHHHHUX TE4il 1 Tedid moOnu3y

OcHoBHa yacruna. OO0’eM Haa PIOUHOIO
BEJIMKOPO3MIPHUX TIOCYIMH PO30MBAETHCS HA Taki
xapakTtepHi 30HH (puc. 1): 30HM HAJAXOKCHHS

NPUIUIMBHUX CTPYMHH, KOHBEKTHUBHI TOTOKH HaJI
rapsdol0 TMOBEPXHEI0 BAaHHW Ta BUTSKHI IIUTHHA
0opTOBUX BiACMOKTYyBaviB [1, 2].

Puc. 1. Po3paxyHkoBa cxeMa CHCTEMH TIOBITPSHOTO YKPUTTS 32
YMOBH ITOBHOT JIOKaITi3aIlii MKiTHBOCTEH

CTOKIB BHUKOHYEThCS Ui MPHMIIICHb HEBEITUKOT
BUCOTH, 1[0 MOXHAa BBaXaTH 3 TCBHUMHU
OCOOJIMBOCTSIMU aHAJIOTIYHUM JIO TPOCTOPY Hal
pinvHOIO BaHHHM [4-6].

@opmyIIOBaHHA Wined crarri. Meroro maHoi
poOOTH € BH3HAYEHHS OCHOBHUX KITBKICHHX
CHIBBIJHOIICHDh JIJIS  BJIAINTYBAaHHS MOBITPSHO-
CTPYMHHHOI OTOpPOXi HaJl A3EPKAIOM PiJIUHH, IO
MPALOE B PEKUMI TPAHUYHOTO YJIOBJIIOBaHHS 3a
JIOTIOMOT010 6aJIaHCOBUX PIBHSHB.

[oBiTpst HagXOAWUTH Kpi3b NMPHUIUIMBHI LIUTHHHI
HacaJku y KiumekocTi Gy, Kr/C, 3 JBOX CTOpiH.
TeMriepatypa IpUIUIMBHOTO MOBITPSI CTAHOBUTH  tin,
°C. YTBopiotoTbess npurmiuBHi ctpymuad Cl 1 C2.
Ha mimxuBiaeHHS CTpyMHH ife MOBITpS poOoyoi
30HH 3 TeMIeparyporw tf.., °C. BoHO HamxomuTh
Kpi3h ©XKEKIIHHI IIUIMHA MK 3a3HAYCHUMHU Hacal-
KaMl H OOpPTOBMMHM BiJICMOKTYBauyaMHM, a TaKOXK
Kpi3b BIIKPHUTY YaCTHHY IMOCYOMHH B KUIBKOCTSX,
BinoBinHO, Gy Ta G, KI/C. BOPTOBI BiACMOKTYBaui
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BJIOBJIIOIOTH MOBITPS B KijbKocTi Gy, Kr/c, 1 BUmas-
I0Th IIKIJUIMBOCTI, 110 BHUIUISIOTHCS BijJl MOBEPXHI
pinuHN. 3aranpHe OanaHCOBEe pPIBHSHHS BUTpATH
TOBITPA

G+ (Giy + Gu2) — G = 0. (1)

JlanexoOiliHi CTpYMHHH €XEKTYIOTh TOBITpS 1
MOBHICTIO 3aXOAATh N0 KOHBEKTHBHOTO TIOTOKY.
ExexkToBaHe TMOBITPS MOBEPTAETBCA 1O  30H
BCMOKTYBaHHS, Ji¢ BHHUKA€ Hecrada TOBITPS 3a
paxyHOK poOoTn OOpTOBHX BiIICMOKTYBadyiB. 3a Ta-
KOI yMOBHU pOOOTH TOCATAETHCS MAKCUMAIILHO MOXK-
JMBE €KpaHyBaHHS MOBEPXHI PiUHU MPUILTUBHUMH
ctpymuHamu (puc. 1). 3a Takux yMOB OaiaHCOBi pi-
BHSIHHS

Gk+ Gin tin + Giry’ th + Gwz th_ G/ tl = 05 (2)
Gk+ Gin tin + (Ginj + Gwz) th - Gl ZI = 0: (3)
Git G tu+ (Gi+ Go) e — Giti= 0. (4)

SKIO NPUILUTUBHI CTPYMHHH MAarOTh BHCOKY
IHTEHCUBHICTh 3aTyXaHHSI a00 Majy IIBHAKICTH, TO
BOHU PYWHYIOTHCS IO TOCSATHEHHS TOYKU JOTHKY Ha
cepenuHi BaHHU (pHC. 2).

Elosf
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Puc. 2. Po3paxyHkoBa cxema CHCTEMH HOBITPSHOTO
YKPHUTTS 32 yMOBH HEMOBHOI JIOKaTi3awii MIKiTHBOCTEH:
MaJli CTPLIKU — PyX CTPYMHUHH; BEJTUK]I YOPHI CTPLIKA — BUXIiJ
MOBITPSL;

S

3a Takoi YMOBHU Ma€ MICIIe MMOTPAIITHHS TIEBHOL
KUTBKOCTI IIKIJJIMBOCTEH 10 poOOuoi 30HU MpHUMi-
mieHHs B KinbKocTi Glost, kr/c. banaHcoBi piBHSIHHSA
Gin + Ginj - Glf Glast = 0 (5)
KinbkicTe 3a0pyqHEHOTO TOBITpPS, 10 BHPUBAE-
ThCH,
Glost

Gin+ Giyj— Gy, K1/C. (6)

bamanc renoru

Cp G[n tin + Cp Girg/' th_ Cp Gl t[ —
- Cp Glost 4 + Qk = 05 (7)

Jie ¢, — 1300apHa MHTOMAa TEIUIOEMHICTh TOBITPS,
JIx/(xr-K).
[Ticns mepeTBopeHs piBHIHHSA (7)

cp Gin tin + Cp G[nj th_ Cp Gl tl -
- (Gin + Gy —G) i+ O =0. (8)
CepCHHBOSBa)KeHa TeMIICparypa BUTAXKHOI'O

MOBITPsI BU3HAYAETHCSA 3 OamaHCy Macw TOBITpS U
TemioT. Maemo

G -t +G,

— in_"in inj ) th . (9)

G in + Gin/'

<

KinpKicTh HE BIOBJIEHOI TEIUIOTH

Gt Gyt t+ (Gi+ Gy) t.— Git;=0.  (10)
Qlost =Cp (Gin + Ginj - Gl) (tl - lT,) (1 1)
cp Gin tin + Cp Girgi thf
—Cp (Gin + Ginj) L+ Qk =0 (12)
KinpkicTp yn0BI€HOT TETIIOTH
Qcapt Cp Gl (tl - t) BT. (13)
Temneparypa TOBITpA, IO  BHIAIAETHCA
OOPTOBUMH BiJCMOKTYBa4aMu
+c Gt +c Gt
t[:Q in”in ll’lj WZ OC' (14)
( G + ij )
KinbkicTp ynoBI€HOT TETIIOTH
Q +C Glﬂ thl+c GlVI tM/Z
Qc‘apt: cp Gl : :
26+,
<, G,t,*c, Gt
m lnj Wz BT‘ (15)
(GG
[Ticns cnpomens Gopmynu (15)
0,G 0,6
Q=7 ="~ BL. (16)
Gin + Girg/’ G/+ G/ost

EdextuBHICTh poOOTH cHCTEMH 3 ypaxyBaHHAM
dbopmynu (16)
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Q% G G (17) JMBICTh BUKOPUCTAHHS CUCTEMU JBOPIBHEBUX IIOBI-
n O« G,+G, G*G,, TPAHO-CTPYMUHHHX CKPAHIB 171 BeJII/IKOI‘a6apI/ITHI/D%
nocyauH. EQeKkTuBHICTh 1 TOpiBHIOBATUME OJMHHIII
TOJI 1 JTUIIIE TO/i, KoK He Oy/ie TPOPUBAHHS MTOBITPA
JI0 pOOOUYOT 30HU.

[epcneKTHBH NOAAJBIINX JOCTIIKEHBb., 3a
aHaJIOTi€I0 0 OaTaHCiB MacOBOi BUTPATH MOBITPS Ta
KUTPKOCTI TeIlla MOXKHA CKJIACTH OalaHCH HaJIH-
IIKIiB BOJIOTM Ta KOHIIEHTPAIii IHIIMX IKiJITUBUX
pEUYOBHH.

PiBusianst (17) miaTBEepIKye NMPUHLUIIOBY MOX-
JMBICTh BUKOPUCTAHHS CHCTEMH JBOPIBHEBUX IOBi-
TPSIHO-CTPYMHUHHHX €KPaHIB JIJIsI BETMKOTa0apUTHUX
nocyauH. Koedinient edextuBHOCTI 1 Oyne Aopi-
BHIOBaTH | TOMi i JHIie TOMI KOJIM He Oye mpopuBa-
HHsI TIOBITPS B pOOOUY 30HY.
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Annomanyus. Cobnrooenue uucmomvl 6030VUIHOU CPedbl pabouell 30Hbl NPOU3EO0OCHIGEHHBIX NOMeUJeHULL S6TIAemcst OOHUM U3
8AdICHETIUUX YCIIOBUL coxpaneHust 300poebs yenogeka. C yenvlo obecneuenus napamempos 6030yxa 6 paboueil 30He
HeOOX0OUMO MUHUMUBUPOSAMb NONAOAHUe U PACNPOCMPAHeHUe 3aepA3HeHH020 6030yXd. [ nomewjenuil ¢ 6aHHamu
HANOTHEHHbIMU JHCUOKOCIMAMU MaKue npoobiemvl 6 nepeyio ouepeddb cedyenm peuams nPUMeHeHueM MeCMHOU 6EHMUIAYUU C
OMCOCAMU  PASTUYHBIX KOHCMPYKYUI, 6 MOM uucie OuHamMuueckue 6030YWHO-cmpylinble ozpadxcoenusn. Ha ocnose
AHATUMUYECKO20 UCCTE008AHUS PACCMOMPEHbI OCHOBHbLE B03MOJICHbIE BAPUAHNBL YCMPOUCIBA O8YXYPOBHEB020 8030YUIHO-
CMPYIHO20 KPAHA NPOMBIUUTIEHHOU 6AHHbL HYMeEM COCMABNEHUs OANAHCOBbIX YPAGHEHUI Ol OOCMUNCEHUS. MAKCUMATILHO2O
K03 Puyuenma sgpexmusnocmu y. Paccmampuearomcs COOCHbIX 6CMpeuHble CMPYU € IHCEKYUOHHLIM NOONUMKOU 6
COUEMaHuU ¢ 6PAWAUUMUCA NOMOKAMU, 00pA3Ys CMOUKOe 3auWumnoe noie Npu UCHApeHuu 6peoOHOll JHCUOKOCU U3
NPOMBIWIEHHOU 6AHHDI.

Knioueasvie cnosa: 08yxyposHeswiil, SKpanupyiowas cmpys, g pexmusHocms, spawaiowuecs nOmoxu,
COOCHbIE 6CMPEUHble CPYU.
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Evaluation of the energy-efficient operation of a two-level air-jet screen with
coaxial counter jets with ejection feeding in combination with rotating flows
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Abstract. The use of local exhaust ventilation systems continues to be the most reliable way to capture pollutants in the
technological processes of various industries. The main purpose of the application of local exhaust ventilation systems is the
effective capture of pollutants in the places of their formation. Improving the efficiency of local exhausts and, accordingly,
reducing the load of general ventilation can be achieved through the use of air screens. For baths filled with liquids most
often used activated on-board suction pumps that operate on the scheme of "jet-suction"”, which are structurally located on
the same axis of the supply nozzle and slotted drain. According to this principle of operation, various activated extractors
require air exchange in large volumes with significant energy consumption and at the same time with insufficiently high
sanitary and hygienic indicators. In order to increase the efficiency of the local ventilation system, especially for tanks with
large open surfaces, fundamentally new aerodynamic schemes are required, the feature of which is the formation of dynamic
screens with inflow and rotation flows. On the basis of analytical research the basic possible variants of the device of the
two-level air-jet screen of an industrial bath by drawing up balance equations for achievement of the maximum efficiency

factor n are considered. The analysis of theories of interactions of inflow jets, suction flares and convective flows from liquid

surfaces is carried out. The aerodynamic problem of a flat turbulent flow is considered, in which inflow jets interact with a
180 ° expansion, forming a two-level closed rotating system with concentrated flow, which is affected by convective flows
with harmful substances from an industrial bath. The assumptions and calculations confirmed the fundamental possibility of
using a system of two-level air-jet screens for large baths.

Key words: two-level, screening jet, efficiency, rotating flows, coaxial counter jets.
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