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KPUTEPIAJILHUM AHAJIIBI[H¢Y3IFIHPIX IMPOLECIB
B KAHAJIAX BEHTWIAIIMHUX CUCTEM

CoxoJioB B.1.

CRITERIA ANALYSIS OF DIFFUSION PROCESSES
IN CHANNELS OF VENTILATION SYSTEMS

Sokolov V.I.

Posenanymo npoyec mypoyienmuoi oughysii 2azo8ux 0omiuiox
6 kaumanax eenmunayitmux cucmem. Cmayionapna ougysis
onucana pigHAHHAM MypoOyiIeHmHuoi oughy3ii domiwKu 6 00Ho-
PpiOHOMY HecmuciugoMmy cepedosuwyi. Beascaemucs, wo ak-
MYanbHa KOHYEeHMpayis 6 KOJICHIU moyyi npocmopy, 3aiiHs-
mozo mypoyireHmHum ROMOKOM, 3a3HA€E 6e31a0HUX 3MIH Y HaCi
(nynvcye, @aykmye). Ilpu eupiwienHi npakmuuHux 3a60aHb
npo pyx 4acmuHOK OOMIWKY 6i0 aKmMyanbHOi Xapakmepucmu-
KU 3ACMOCOBAHO Nepexio 00 cepednb020 3HAUEeHH KOHYeHM-
payii. 'V eunadxy ecmanosnenozo mypOyieHmHO20 pyXy i
CMAayionapHux 3068HIWHIX YM08 sukopucmane gsedene Peiino-
nwocom uacose ocepeonents. Ocepeonenti 3naiuents 000ym-
Ki6 NYIbCAyiiiHUX CKIA008UX NPOEKYill WEUOKOCME Ma KOHYe-
Hmpayii  6ionosiono cinomesi @ika-byccinecka npuiinami
nponopyiiHumMu 2padienmy ocepeouenoi xonyenmpayii. O6-
IPYHMOBAHO OONYWEHHSA, WO 018 POOOUUX PEHCUMIE NPOMUC-
JI08UX 8EHMUNAYIIHUX cUCeM Koepiyienm MOAeKyIapHol Ou-
Qysii 3Hauno MmeHwie Koeghiyienma mypoOyieHmHOI Oughys3ii.
s xoepiyicuma mypbyrenmuoi ougysii guxopucmana 6i0o-
Ma emnipuyHa 3anedxcHicms 0na Kpyeaux mpy6. Koegiyienm
2i0paeniuno2o onopy mepms npu mypoyneHmHOMY Pelcumi
meyii eusHaueHull no yHieepcanvril popmyni Anemwyns. /s
00caiOdCen sl OUQY3IIHUX NPOYECi6 8 2A306UX NOMOKAX GEH-
MWIAYIIHUX cucmem pIGHAHH mypOyrenmnoi ougysii npuse-
0eno 00 0e3po3mipHo20 8udy. Y posensio eéedeHi 6e3po3mipHi
Kpumepii: uucno Petinonvoca, yucno LL{mioma (abo oughysiiine
yucno [lpanomus), ougysitine uucno Iexne. [Ipogedenuii ana-
JII3 KpumepianvHux cniggioHouleHb 071 OUPY3itiHuX npoyecis @
YUNTHOPUYHUX KAHANAX GeHMUNAYIIHUX cucmeM. Ananiz 3a-
aedxcHocmi ougysitinoeo uucaa Ilexkne 6i0 uucna Petinonvoca
noKasas, wjo nNpu GeNUKUX 3HAYEHHAX GIOHOCHOI WOPCMKOCMI
senuyuna ou@ysitinoeo uucia Ilekne ne 3anesxcums 6i0 yucia
Petinonvoca. Iloxazana Hasgwicmev 6 OuysitiHux npoyecax
a8mMoMOo0enbHOi 30HU, KOU OO0BICUHA WLTAXY GUPIGHIOBAMHS
KOHYeHmpayii domiwkuy He 6yde 3anedcums 6i0 napamempis
2a306020 nomoxy. Bcmanoeneno, wo 3mina ougysiiinozo Yuc-
aa Ilexne ons Oianasony 3uauenv uucen Petinonvoca nonao
1,310° ckradae ne Ginvwr 5% npu snauennsix 6iOHOCHOT wiop-
cmrxocmi He menut 0,001.

Kniouogi cnosa: eenmunsyuonnas cucmema, Oup@y3uonnbviil
npoyecc, uucno Petinonvoca, oughgysuonnoe uucno Ilexue,
yucno Llmuoma.

IHocTanoBka npobJemn. IlpoekryBaHHA Ta po3-
poOKa BEHTHWLLIHHUX CHCTEM, OXOJIOKYIOUHX IIpH-
CTPOIB, TEIUIOCHJIOBHX YCTaHOBOK IOB’S3aHO 3 po3pa-
XYHKOM TIporieciB anugyy3ii aepo3oiiB B TypOYIEHTHHX
ra3oBux motokiB [1-5]. Kpim Toro, aHami3 mporecis au-
(y3ii JOMILIOK B Ta30BUX MOTOKAX € BU3HAYAIBHUM TIPH
BUMIPIOBaHHI BUKHIIB 4Yepe3 BEHTWIALINHI CHUCTEMH
MPOMHUCIIOBUX — MiJIPHEMCTB, IIaXT, EHEProOJIOKIB
ATOMHHUX CTaHIiH, Py po3poOIli CHCTEM TEIIora3ormnoc-
TadyaHHs Ta iH. JlOCTOBIpHMH KOHTpOJb NapaMeTpiB
MIPOMUCIIOBHUX BUKHJIIB JIO3BOJISIE PALliOHATIBHO BHPILITY-
BaTH IUTaHHSA 3 MOJIEpHi3alii BEHTWIALIHHUX CHCTEM
Ta KOPEKIii TEXHOJOTIYHUX MPOIICCiB, 3amodiraTu aBa-
piffHUM cHTYyaIlisiM, po3pOoOJIATH 3aXOAN 3 EKOJIOT1YHOT
6e3mekn [6-10].

AHani3 ocTaHHIX JociaixkeHb Ta myOsikamii.
Judysist mroMimiku B TypOyJIIEHTHOMY r'a30BOMY HOTOI
€ CKIQJHUM HecTalioHapHUM mpouecoM [11-15], mio
ONMUCYETHCS AUPEPEHIIIAIbHUMHU PIBHSHHAMH B YaCTHH-
HUX TOXITHHUX. JJOMIIIKOI HAa3MBAaKOTh CTOPOHHIO pe-
YOBUHY», 110 MICTHTBCSI Y MOPIBHSIHO HEBEIUKIA KiJIb-
KOCTi B 00’eMax ra3zoBoro cepenosuiia. «CTOpoHHS pe-
YOBHHA» MICTHTHCS Y BHIIIAII PIAKHUX, TBEpAUX abo ra-
30moi0HNX 00’€eKTiB (BKmMo4eHs) [16-20]. Sxmio HasB-
HICTh JOMIIIIKHA HE BIUTUBAE HA ()i3UYHI BIACTHBOCTI Ta-
30BOr0 CEpeOBHIIA Ta Ha (JOPMYBAHHS OIS LIBUAKOC-
Ti B TypOYJIEHTHOMY IOTOIi, TO TaKy JAOMIIIKY BBaXka-
I0Th TTACHBHOIO. Y BWIIAAKY MACHBHOI JOMIIIKHA Xapakx-
TEPUCTUKHU TypOYJICHTHOTO MOTOKY, 1[0 BUMIpPSHI B MO-
TOLI «4YHUCTOTO» CepPeNlOBUINA (KU HE MICTHThH JIOMIlll-
Ky, L0 PO3IJIAAAETHCSA), MOKHA BUKOPUCTOBYBATU IS
PO3paxyHKy pyXy 4YacTOK Ii€i JAOMIIIKK y TMPOCTOpIi,
SIKMI 3aWHATHIA TAKUM K€ TIOTOKOM, IO HECE JOMIIIKY
[21-25].

3BakalouM Ha CKJIAIHICTH JOCITIDKCHHS TUQY3iii-
HUX TIPOLECIB B IHXKCHEPHIM MpaKTHIi 3HAWIUIN 3aCTO-
CyBaHHS SIK aHANITHYHI, TaK ¥ eMITipHYHI METOAM JOC-
JDKEHHS Ha OCHOBI Teopil moxmibnocti [26-29]. Hdatu
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TOYHUH aHATITHIHUNA PO3paxyHOK Oudy3ii B MOTOILI,
0CcOOJIMBO TypOYJICHTHOMY, 4acTO BHUSBIISETHCS, BAKKO
Y{ HaBiTh HEMOXJIHMBO. ToMy, B IMX BUMAAKax mepexo-
JIATh 70 TeOopii MOAIOHOCTI, sTka BUKOPUCTOBYE 0e3p03-
MIpHI YHCIa, 110 HA3UBAIOTHCS KPUTEPIIMHU MOAI0HOCTI.

Mera crarri. Meronoo pobOTH € JOCHiIKeHHS
XapaKTepPUCTHK AN(PY31HHUX MPOIECiB B TypOyJICHTHUX
ra30BHX MOTOKAX IMJIIHAPUYHUX KaHATIB BEHTHIIALIN-
HHUX CHCTEM Ha OCHOBI aHaJi3y KpUTEpialbHHUX CIIBBiI-
HOILICHB.

Martepianu Ta pe3yJbTaTH J0CTiIKEHHS.

AKTyanmpHOI0 (MUTTEBOIO) KOHIIEHTPAIIIEI0 JOMIII-
k¥ € BenuuunHa [21, 26, 27]

A
C(x,y,z,t)=g;r§0§, €))

ne AV — nesxuil Manuii 06’eM 4acTHHH IPOCTOPY, IIO0
BUJIUJICHUI HABKOJIO TOYKH 3 KOOPIHMHATA X, V, z; Am —
Maca JOMIIIKY, sSKa 3HAXOOUTHCA B IIbOMY 00’€Mi Ha
MOMCHT Yacy 7.

AxXTyanbHa KOHLIEHTpALisi B KOXHIN TOYIll IMpoc-
TOpY, 3allHATOro TYpOYJEHTHHM MOTOKOM, 3a3Ha€ 0Oe3-
JaTHKUX 3MiH y yaci (mynbcye, daykrye). [Ipu BupimeH-
Hi TMPaKTHYHUX 3aBJaHb MPO PYX YACTHHOK JOMILIKH
BiJl aKTyallbHOI XapaKTEPUCTHKU MEPEXOMAATh 10 Cepe-
HBOTO 3HAYCHHS KOHICHTpallil. Y BHUIAJKy BCTAaHOBJIC-
HOTO TypOyJICHTHOTO PyXy 1 CTallilOHAPHMUX 30BHIMIHIX
YMOB BHKOPHCTOBY€EThCS BBEJICHE PeliHONIbICOM YacoBe
OCEpEAHCHHS

t+,

<C(x,y,z)>=tl J. C(x,y,z)dt, ()
0 ¢

e tp — oOpaHuUil BiIOBITHIM YHHOM iHTEpBaJ 4acy.

CrarmionapHa au¢y3is ra30BHX JOMIIIOK B KaHa-
Jax BEHTHLILIHHUX CHUCTEM MOXKe OyTH OIMcaHa piB-
HSIHHSIM TypOyJIeHTHOI Andy3ii JOMIIIKK B OJHOPIIHO-
MY HECTUCIHBOMY cepeloBulli [26], sike B JeKapTOBIi
CHUCTEMI KOOpIUHAT Ma€ BUTILA (1HIEKC «<...>» ocepe-
JIHEHOTO 3HAYCHHS Y MOJANBIIOMY OITyCKAEMO)
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=f(x,y,z)+D,

ne f(x,y,z) — 00’eMHa LIBHICTh NMOTYXKHOCTI Ke-
per MoJeKy nomimku; D, — koedimieHT TypOyIeHTHOI
Tudys3ii.

Koedimient TypOynenTHOI 1udy3ii BCTAaHOBIIOIOTH
abo Ha OCHOBI €KCIIEPUMEHTAJIbHUX JaHUX, ad0 Ha Jo-
JIATKOBHX Tinore3ax. BigzHauumo Bimomy ¢opmyny Xi-
HIIE [T KPYTIIUX TPyO, 110 HaBeaeHa B poOoTi [21]

D, =0,02u,d/2 . @)

TyT 1 — WBUAKICT TOTOKY B TPYOi, d — miameTp TpyOH,
A — KoediIieHT TigpaBiIigHOTO Onopy Tepts. JlaHuii Bu-
pa3 nepeTBOPUMO 10 BUIILALY

D, =0,02u,d~/2 =0, 02% 5)

abo

D, =0,02Re v\/z. 6)

ne Re — uncio PerHonbaca.

KoediwieHT rigpaBiiivHOrO OMOpY TEPTs A MpH Ty-
pOyJIEeHTHOMY pEeKHMI Tedii JOCTaTHRO TOYHO BH3HAYA-
€TBCS 110 YHIBEpCAIBHIH popMyii Anbriryist [17, 27]

0,25
A 681)
A=0,11 —+—| (7
d Re
Je A — abcoioTHa MIOPCTKICTh BHYTPIMIHBOI IMMOBEPXHIi

KaHay.
BBoaumo 0e3po3MipHi MIBHIKOCTI, KOOPJAHHATH 1
KOHLICHTPAIII0

L_lx :ux/“o; L_ly :uy/”o; Z’_lz :uz/uo;
_ (8)
X=x/d,; y=y/d,; T=z/d,; C=C/C,;

ne Cy — Macmtab KOHIICHTpAIii JOMIIIKK B KaHAMI; d), —
TiIpaBlivYHUAN JliaMeTp, BEJIMYHMHA SIKOTO Ul KaHaJiB
HeKkpyrioi opmu nopisrioe d, =4S/P (S — mioma
MIOTIEPEYHOT 0 Nepepizy, P — Horo nepumerp).

PiBusHHA audysii mis 6e3po3MipHUX 3MIHHHX
HPUBOIUMO JIO BULIISLY
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Tyt yncno miara (abo audysivine yncno [panmtis)

Sc=Pr, =—, (10)

a Bupa3

F(X7.5)= 7.7 11
f(%.3.Z) uocof(x,y,Z) (11)

€ 00’€MHOI0 HIUIBHICTIO MOTYKHOCTI JDKEpENl MOJEKYIT
IOMIIIKH.

Sk BuTiKae 3 piBHAHHSA (9) 1OBXKHMHA UISIXY BHPIB-
HIOBaHHS! KOHIIEHTPALil JOMIIIKK B KaHalli BU3HAYAETh-
csl mapamMeTpaMH I'a30BOTO IMOTOKY, SIKi MOKHA 3a/1aTH
JBOMa 0e3p0o3MipHUMH KpUTepisiMu: unciioM PeitHomb -
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ca Re i IImiara Sc; a Takok XapakTepoM Kepena Jo-
MIIIKH Ta POPMOIO KaHATY.

VY Bumazaky cramioHapHOTO AM(Yy3iifHOTO MpoIecy
Ta JuKepesa MOJIEKYJI IOMIIIKA TeOMETPHYHI TapaMeTpu
nporiecy OyIyTh 3ajekaT Bia H00yTKy uucia PeiiHo-
npjaca Ha uucio IlMinra, ske NPUHHATO HA3WBATH JIH-
(y3ittaum yrciaom [leke

Pe, =ReSc. (12)

3B’ spxkeMo yucao Imiara ¢ uncinom Pelinonbica,
Ju1s1 goro B (10) migcraBumo (6)

Sc= Y _ >0 (13)
D, Re A
a moTiM ctou Bupa3s (7)
Sc = 50 _
A 68"
Re,[0,11| —+—
FRe) - 09
B 151
Re(A+68/Re)""

ae A= A/ d, — BiIHOCHA MIOPCTKICTh BHYTPIilIHBOI T10-

BEPXHI KaHay.
Ilincranoska (14) B (12) nae

Pe, =151(A+68/Re) . (15)
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Puc. 3anexnicts qugysiiiHoro uncia [lexie
Bix yucia PeliHonbnca

3anexHicTh qudysiHoro Yucna [lexrne Big gmcna
PefiHonpica mpencTaBneHa Ha pUCYHKY. [liama3oH uu-
cen Peitnonbaca 10° ... 107, mo posrmsizaerses, € po6o-
YMM JJISI IPOMHKCIIOBUX BEHTHIILIAHUX cucTem. Hase-
JICHHUI pe3yJIbTaT MOKa3ye, M0 MPH BEIUKUX 3HAUCHHSIX
BiTHOCHOI IIOPCTKOCTI BeNWYMHA TU(Y3IHHOTO YHCiIa

[Tekne He 3anexuTh Bia uncia PeitHombaca. Ile o3Havae
HasBHICTD B MTUQY3IHHMX MPOIEcax aBTOMOJIEIBHOI 30-
HU, KOJIM JIOBXHWHA IIIAXY BUPIBHIOBaHHS KOHIICHTPAIIil
He Oyne 3ajekaTH BiJ MapaMeTpiB Ia30BOTO IOTOKY.
AHami3yl04n BCTaHOBJICHI 3aJIe)KHOCTI MOXKHA CTBEp-
JUKyBaTH, 10 3MiHa audysiitHoro Yncna Ilexne ms mi-
anasoHy 3HaueHb umcen Peiinombaca Re > 1,310° ckia-
nae He Oibi 5% NpU 3HAYCHHAX BIIHOCHOI IIOPCTKOC-

Ti A monax 0,001.

BucnoBku. OTxe, po3risiHyTO Iipouec TypOyJieH-
THOI M(y3ii y KaHajIax BeHTHWILIHHNX cucteM. Crari-
oHapHa AM(y3is Ta30BHUX JOMIIIOK y KaHajdaX BEHTHIIS-
MiHUX CHCTEM ONHCaHa PIBHAHHAM TYpOYyJICHTHOI IH-
(hy3ii TOMIIIKA B OJHOPITHOMY HECTHCIHBOMY CEpemo-
Bumni. OcepenHeHi 3Ha4YeHHS NOOYTKIB MyNbCAIliHUX
CKJIQJIOBHMX MPOEKIIH MBUAKOCTI Ta KOHIICHTpAIll 3rij-
HoO 3 rinoTe3oto Dika-byccinecka MpUHHATI TPOIOPIIiii-
HUMH TPai€HTy CepeaHboi KOHIeHTparii. O6rpyHTOBa-
HO TPUITYLIEHHS, MO0 Uil POOOYMX PEXHMIB pOOOTH
MPOMHUCIOBUX BEHTHIIALIMHUX CHCTEM KOCQII[iEHT MO-
NeKyysapHoi nudy3ii 3HaUHO MEHIIHUH 32 KoedillieHT Ty-
pOynenTHoO1 mudysii.

s koedinienta TypOysneHTHOI 1udy3ii BUKOpHUC-
TaHO BiJIOMY €MITIpUYHY 3aJI€XKHICTD Ul KpyIIX TpyoO.
KoedimieHT TimpaBIiqHOro ONopy TepTs Mpu TypOyIeH-
THOMY PEXHMIi Tedii BU3HAYCHO 3a YHIBEPCAIBHOIO (o-
pmysoro Anbrirysst. st qocmimkeHHst Any3HUX TIpo-
I[ECiB y Ta30BHX MMOTOKaX BEHTWIAMIHHUX CHCTEM piB-
HSHHS TypOyJeHTHOi audy3ii npuBeneHo 10 6e3po3Mi-
pHOTO BHIY. Y pO3TIIsA BBEACHO Oe3po3MipHi KpuTepii:
Yucino Peiinonbaaca Re, uncno Iminra Sc (abo nudy-
3iiiHe wucno [lpanarns Pry), nudysiiine uncno Ilexne
P €y.

[IpoBeneno anamiz KpuTepiaJbHUX CIiBBIIHOLICHb
Ui TUQY3IHHUX TPOIECiB y HWIHIPUIHUX KaHajIax
BEHTWIAIIHAX CUCTEM. 3alle)KHICTh MU(PY3iHHOTO YHC-
na [lexne Pe, Big PeitHonmpaca Re mokasana, mo mpu Be-

JUKUX 3HAYCHHSAX BIJHOCHOI MIOPCTKOCTI A BeNWYHHA
mudysiiitHoro umcna [lekie He 3aleXUTh BiJ YWCIA
Peftnonpaca. 3mina mudysitaoro yncia Ilexne Pe, ms
niama3oHy 3HaueHb umcen PeiHompaca Re > 1,3'105
CTAaHOBHUTHh HE Oinbiie 5% TpU 3HAYEHHSIX BiTHOCHOL

moperkocti A > 0,001. Ile cBiquuTh PO HASBHICTH y
mudy3iiiHUX mporecax aBTOMOZEIBHOI 30HH, KOJIHU JI0-
BXKHHA IUISXy BUPIBHIOBAHHS KOHIICHTPAIl JOMIIIKH
He Oyze 3aJIe)KaTH Bijl TapaMeTpiB ra3oBOro MOTOKY.

JitepaTtypa

1. Enunckuit 1.W. BeHTnnauus 1 OTOIUIEHHE TalbBaHHYe-
CKUX IIEXOB MAIIMHOCTPOUTEIBHBIX MPEANPUITHIA. M.:
Mammsaoctpoenue, 1989. 152 c.

2. Krol, O., Sokolov, V., Tsankov, P.: Modeling of vertical
spindle head for machining center. Journal of Physics:
Conference Series 1553 012012 (2020).

3. Krol, O., Sokolov, V.: Modeling of Spindle Node Dynam-
ics Using the Spectral Analysis Method. In: Advances in
Design, Simulation and Manufacturing III. DSMIE 2020.
Lecture Notes in Mechanical Engineering, vol. 1, pp. 35-
44. Springer, Cham (2020).

4. Krol, O., Sokolov, V.: Research of modified gear drive for
multioperational machine with increased load capacity.
Diagnostyka 21(3), 87-93 (2020).



BICHWK CXIOHOYKPATHCHKOIO HALIOHANBHOIO YHIBEPCUTETY imMeni Bonogumupa Oans Ne 2 (272) 2022 65

10.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

Krol, O., Sokolov, V.: Research of toothed belt transmis-
sion with arched teeth. Diagnostyka 21(4), 15-22 (2020).
CeuctynoB B.M., Ilymusakos H.K. Ororuienue, BeHTHIIA-
1M ¥ KOHAMIMOHUPOBAHHE BO31yXa OOBEKTOB arporpo-
MBIIUICHHOTO KOMIUIEKCA M IHKHIMIIHO-KOMMYHAJIBHOTO
xo3siictBa. CII0.: [Tonurexuuka, 2007. 423 c.

Krol, O., Porkuian, O., Sokolov, V., Tsankov, P.: Vibra-
tion stability of spindle nodes in the zone of tool equip-
ment optimal parameters. Comptes rendus de 1’Acade'mie
bulgare des Sciences 72(11), 1546-1556 (2019).

Sokolov V., Azarenko N., Sokolova Ya. Simulation of the
power unit of the automatic electrohydraulic drive with
volume regulation. TEKA Commission of Motorization
and Energetic in Agriculture. 2012. Vol. 12. No 4. P. 268 -
273.

Sokolov, V., Porkuian, O., Krol, O., Baturin, Y.: Design
Calculation of Electrohydraulic Servo Drive for Techno-
logical Equipment. In: Advances in Design, Simulation
and Manufacturing III. DSMIE 2020. Lecture Notes in
Mechanical Engineering, vol. 1, pp. 75-84. Springer,
Cham (2020).

Sokolov, V., Porkuian, O., Krol, O., Stepanova, O.: De-
sign Calculation of Automatic Rotary Motion Electrohy-
draulic Drive for Technological Equipment. In: Advances
in Design, Simulation and Manufacturing IV. DSMIE
2021. Lecture Notes in Mechanical Engineering, vol. 1,
pp- 133-142. Springer, Cham (2021).

AmnanpeB B.A., banyesa JI.H., l'anenepun A./l. u ap. Cu-
CTEMBI BEHTW/ISILIMU U KOHIMILHOHUPOBaHus. Teopus u
npaktuka. M.: EBpoximumar, 2001. 416 c.

Kosanenko A.A., Coxonos B.W., Asimanu A.X., YBapoB
II.LE. OcHOBBI TEXHHMYECKOH MEXaHUKH KUJIKOCTEH U ra-
30B: YueOHoe mocobue st By30B. Jlyranck: BYT'Y, 1998.
272 c.

Sokolov, V., Krol, O., Stepanova, O., Tsankov, P.: Dy-
namic characteristics of rotary motion electrohydraulic
drive with volume regulation. Comptes rendus de
I’Acade'mie bulgare des Sciences 73(5), 691-702 (2020).
DOI: https:// doi.org/ 10.7546/CRABS.2020.05.12.

. Xapmamos 10.A., Coxonos B.1., Kpons O.C. Tpubomnoru-

YecKasl HaJIe)KHOCTh METAUIOPEKYIINX CTaHKOB. CeBepo-
nouenk: BHY um. B. Jlans, 2017. 320 c.

Sokolov, V.: Dynamics of Positioning Process for Hydrau-
lic Drive Output Link by Distributor with Closed Center.
In: Proceedings of the 7th International Conference on In-
dustrial Engineering (ICIE 2021). Lecture Notes in Me-
chanical Engineering. Springer, Cham (2022).

Bexkep A. Cuctremsr Bentwsiiuu. M.: Texnocdepa, EB-
poxiumart, 2005. 232 c.

Coxkonos B.I., Kpone O.C., €nidpanosa O.B. Tigpapmika.
Cesepononensk: CHY im. B. lans, 2017. 160 c.

Sokolov, V.: Hydrodynamics of flow in flat slot with
boundary change of viscosity. In: Proceedings of the 6th
International Conference on Industrial Engineering (ICIE
2020). Lecture Notes in Mechanical Engineering, vol. 2,
pp. 1172-1181. Springer, Cham (2021).

Sokolov, V.: Transfer functions for shearing stress in non-
stationary fluid friction. In: Proceedings of the Sth Interna-
tional Conference on Industrial Engineering (ICIE 2019).
ICIE 2019. Lecture Notes in Mechanical Engineering, vol.
1, pp. 707-715. Springer, Cham (2020).

Anppuituyk H./., Cokomnos B.U., KoBanenko A.A., Js-
nuueB KM. Ilytu coBeplIeHCTBOBAHUS CHCTEM TEILIO-
cuabxenust. Jlyranck: BHY nwm. B. lans, 2003. 244 c.
CoxoinoB B.I., Kpons O.C., €nidanosa O.B. qudysiiini
npouecu B cucremax BeHTwiuii. CeBepononensk: CHY
im. B. Tans. 2018. 148 c.

22.

23.

24.

25.

26.

27.

28.

29.

Sokolov, V.: Criteria Analysis of Diffusion Processes in
Channels of Industrial Ventilation Systems. In: Proceed-
ings of the 7th International Conference on Industrial En-
gineering (ICIE 2021). Lecture Notes in Mechanical Engi-
neering. Springer, Cham (2022).

Anppuituyk H.J., UBamenxo E.A., Kosanenko A.A., Co-
koinoB  B.M. TepmomunHamuika  Juii  MH)KEHEPOB-
crpourteneil. Jlyranck: BHY um. B. Jlans, 2005. 304 c.
Sokolov, V., Krol, O.: Time Characteristics of Initial
Stages for Aerosols Diffusion in Channels of Ventilation
Systems. 2020 International Multi-Conference on Indus-
trial Engineering and Modern Technologies (FarEastCon),
pp. 1-6. IEEE (2020).

Sokolov, V.: Increase measurement accuracy of average
velocity for turbulent flows in channels of ventilation sys-
tems. In: Proceedings of the 6th International Conference
on Industrial Engineering (ICIE 2020). Lecture Notes in
Mechanical Engineering. Springer, vol. 2, pp. 1182-1190,
Cham (2021).

CoxonoB B.U., KoBanenko A.A., Kamroxusiit [.C. u ap.
WmxenepHsle 3amaun nuddy3un npuMecu B moToke. Jly-
ranck: BHY, 2000. 168 c.

CokonoB B.M. AspopuHamuka ra3oBblX IOTOKOB B KaHa-
JIaX CJIOXKHBIX BEHTIWIALMOHHBIX cucTteM. Jlyranck: BYT'Y,
1999. 200 c.

Sokolov, V.: Diffusion of Circular Source in the Channels
of Ventilation Systems. In.: Advances in Engineering Re-
search and Application. ICERA 2018. Lecture Notes in
Networks and Systems, vol. 63, pp. 278-283. Springer,
Cham (2019).

Sokolov, V., Krol, O.: Measurement of Impurity Concen-
tration in Turbulent Flows of Ventilation Systems Chan-
nels. Journal of Physics: Conference Series 2096 012102
(2021).

References
Elinskiy I. 1. Ventilyatsiya i otoplenie galvaniche-skih
tsehov mashinostroitelnyih predpriyatiy. M.: Mashi-
nostroenie, 1989. 152 s.
Krol, O., Sokolov, V., Tsankov, P.: Modeling of vertical
spindle head for machining center. Journal of Physics:
Conference Series 1553 012012 (2020).
Krol, O., Sokolov, V.: Modeling of Spindle Node Dynam-
ics Using the Spectral Analysis Method. In: Advances in
Design, Simulation and Manufacturing III. DSMIE 2020.
Lecture Notes in Mechanical Engineering, vol. 1, pp. 35-
44. Springer, Cham (2020).
Krol, O., Sokolov, V.: Research of modified gear drive for
multioperational machine with increased load capacity.
Diagnostyka 21(3), 87-93 (2020).
Krol, O., Sokolov, V.: Research of toothed belt transmis-
sion with arched teeth. Diagnostyka 21(4), 15-22 (2020).
Svistunov V.M., Pushnyakov N.K. Otoplenie, ventilyatsi-
ya i konditsionirovanie vozduha ob'ektov agropromyish-
lennogo kompleksa i zhilischno-kommunalnogo hozyayst-
va. SPb.: Politehnika, 2007. 423 s.
Krol, O., Porkuian, O., Sokolov, V., Tsankov, P.: Vibra-
tion stability of spindle nodes in the zone of tool equip-
ment optimal parameters. Comptes rendus de 1’Acade'mie
bulgare des Sciences 72(11), 1546-1556 (2019).
Sokolov V., Azarenko N., Sokolova Ya. Simulation of the
power unit of the automatic electrohydraulic drive with
volume regulation. TEKA Commission of Motorization
and Energetic in Agriculture. 2012. Vol. 12. No 4. P. 268 -
273.
Sokolov, V., Porkuian, O., Krol, O., Baturin, Y.: Design
Calculation of Electrohydraulic Servo Drive for Techno-



66

BICHWK CXIAHOYKPATHCbKOIO HALIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa dans Ne 2 (272) 2022

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

logical Equipment. In: Advances in Design, Simulation
and Manufacturing III. DSMIE 2020. Lecture Notes in
Mechanical Engineering, vol. 1, pp. 75-84. Springer,
Cham (2020).

Sokolov, V., Porkuian, O., Krol, O., Stepanova, O.: De-
sign Calculation of Automatic Rotary Motion Electrohy-
draulic Drive for Technological Equipment. In: Advances
in Design, Simulation and Manufacturing IV. DSMIE
2021. Lecture Notes in Mechanical Engineering, vol. 1,
pp- 133-142. Springer, Cham (2021).

Ananev V.A., Balueva L.N., Galperin A.D. i dr. Sistemyi
ventilyatsii i konditsionirovaniya. Teoriya i praktika. M.:
Evroklimat, 2001. 416 s.

Kovalenko A.A. Osnovy tehnicheskoj mehaniki zhidkostej
i gazov: uchebnoe posobie dlja vuzov/ A.A. Kovalenko,
V.I. Sokolov, A.H. Dymnich, P.E. Uvarov. Lugansk:
VUGU, 1998. 272 s.

Sokolov, V., Krol, O., Stepanova, O., Tsankov, P.: Dy-
namic characteristics of rotary motion electrohydraulic
drive with volume regulation. Comptes rendus de
I’ Acade'mie bulgare des Sciences 73(5), 691-702 (2020).
DOI: https:// doi.org/ 10.7546/CRABS.2020.05.12.
Kharlamov Y., Sokolov V., Krol O. Tribologicheskaya
nadezhnost metallorezhuschih stankov. Severodonetsk: V.
Dahl EUNU, 2017.320 s.

Sokolov, V.: Dynamics of Positioning Process for Hydrau-
lic Drive Output Link by Distributor with Closed Center.
In: Proceedings of the 7th International Conference on In-
dustrial Engineering (ICIE 2021). Lecture Notes in Me-
chanical Engineering. Springer, Cham (2022).

Bekker A. Sistemyi ventilyatsii. M.: Tehnosfera, Evrok-
limat, 2005. 232 s.

Sokolov V., Krol O., Yepifanova O. Hydraulics.
Severodonetsk: V. Dahl EUNU, 2017. 160 s.

Sokolov, V.: Hydrodynamics of flow in flat slot with
boundary change of viscosity. In: Proceedings of the 6th
International Conference on Industrial Engineering (ICIE
2020). Lecture Notes in Mechanical Engineering, vol. 2,
pp. 1172-1181. Springer, Cham (2021).

Sokolov, V.: Transfer functions for shearing stress in non-
stationary fluid friction. In: Proceedings of the Sth Interna-
tional Conference on Industrial Engineering (ICIE 2019).
ICIE 2019. Lecture Notes in Mechanical Engineering, vol.
1, pp. 707-715. Springer, Cham (2020).

Andrijchuk N.D., Sokolov V.I., Kovalenko A.A., Dy-
adichev K.M. Puti sovershenstvovaniya sistem teplosnab-
zheniya. Lugansk: VNU im. V. Dalya, 2003. 244 s.
Sokolov V., Krol O., Yepifanova O. Diffusion processes
in ventilation systems. Severodonetsk: V. Dahl EUNU,
Severodonetsk, 2018. 148 c.

Sokolov, V.: Criteria Analysis of Diffusion Processes in
Channels of Industrial Ventilation Systems. In: Proceed-
ings of the 7th International Conference on Industrial En-
gineering (ICIE 2021). Lecture Notes in Mechanical Engi-
neering. Springer, Cham (2022).

Andrijchuk N.D., Ivashenko E.A., Kovalenko A.A.,
Sokolov V.I. Termodinamika dlya inzhenerov-stroitele;j.
Lugansk: VNU im. V. Dalya, 2005. 304 s.

Sokolov, V., Krol, O.: Time Characteristics of Initial
Stages for Aerosols Diffusion in Channels of Ventilation
Systems. 2020 International Multi-Conference on Indus-
trial Engineering and Modern Technologies (FarEastCon),
pp. 1-6. IEEE (2020).

Sokolov, V.: Increase measurement accuracy of average
velocity for turbulent flows in channels of ventilation sys-
tems. In: Proceedings of the 6th International Conference
on Industrial Engineering (ICIE 2020). Lecture Notes in

Mechanical Engineering, vol. 2, pp. 1182-1190. Springer,
Cham (2021).

26. Sokolov V.1, Kovalenko A.A., Kalyuzhnyj G.S. i dr. In-
zhenernye zadachi diffuzii primesi v potoke. Lugansk:
VNU, 2000. 168 s.

27. Sokolov V.I. Aerodinamika gazovyh potokov v kanalah
slozhnyh ventilyacionnyh sistem. Lugansk: VUGU, 1999.
200 s.

28. Sokolov, V.: Diffusion of Circular Source in the Channels
of Ventilation Systems. In.: Advances in Engineering Re-
search and Application. ICERA 2018. Lecture Notes in
Networks and Systems, vol. 63, pp. 278-283. Springer,
Cham (2019).

29. Sokolov, V., Krol, O.: Measurement of Impurity Concen-
tration in Turbulent Flows of Ventilation Systems Chan-
nels. Journal of Physics: Conference Series 2096 012102
(2021).

Sokolov V.I. Criteria analysis of diffusion pro-
cesses in channels of ventilation systems

The process of turbulent diffusion of gas impurities in
the channels of the industrial ventilation systems is consid-
ered. The stationary diffusion is described by the equation for
turbulent diffusion of impurity in homogeneous incompressible
medium. It is believed that the actual concentration at each
point of the space occupied by the turbulent flow, undergoes
random changes in time (pulsating, fluctuating). When solving
practical problems about the motion of impurity particles from
the actual characteristic, the transition to the average concen-
tration value is applied. In the case of established turbulent
motion and stationary external conditions, the time averaging
introduced by Reynolds is used. According to the Fick-
Boussinesq hypothesis, the averaged values of the multiplica-
tions of pulsating velocity components and concentration are
accepted proportional to the averaged concentration gradient.
The assumption is substantiated that for the operating modes
of the industrial ventilation systems, the molecular diffusion
coefficient is much lower than the turbulent diffusion coeffi-
cient. For the turbulent diffusion coefficient, the well-known
empirical dependence for round pipes is used. The hydraulic
resistance coefficient to friction under turbulent flow condi-
tions is determined by the universal Altshul formula. To study
diffusion processes in the gas flows of the ventilation systems,
the equation of turbulent diffusion is reduced to dimensionless
form. The dimensionless criteria are introduced into consider-
ation: the Reynolds number, the Schmidt number (or the diffu-
sion Prandtl number), and the diffusion Peclet number. The
analysis of the criterion relations for diffusion processes in the
cylindrical channels of the ventilation systems is carried out.
The dependence of the diffusion Peclet number from the Reyn-
olds number showed that for big values of relative roughness,
the Peclet diffusion number does not depend from the Reyn-
olds number. The presence of the self-similar zone in diffusion
processes is shown, when the path length for equalizing the
impurity concentration will not depend from the gas flow pa-
rameters.

Keywords: ventilation systems, turbulent flow, Diffusion
process, Reynolds number, diffusion Peclet number, Schmidt
number.
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