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AHHoTanusi. B pabGore paccMarpuBaeTcsl YUCICHHAsT MOJEINb JUIsl POTHO3a a3POMOHHOTO pe-
KUMa B TTIOMEIICHUSAX. B OCHOBY MOI€/IM MOJI0KEHO YpaBHEHUE JIBHXKCHHS UCATBHOM KHIKOCTH U
ypaBHEHHE MaccOIepeHoca AJs OTPHULATEIbHBIX, TOJOKUTENbHBIX a3pPOHOHOB W MbUTH. J[71s 9uc-
JIGHHOTO MOJICTUPOBAHMS MOJACIUPYIONINX YPAaBHEHHM HUCIOJIB3YIOTCS PAa3HOCTHBIE CXeMbl. Yuc-
JICHHBIN pacyeT OCYIIECTBISETCS Ha MPSIMOYTOIBHON pa3HOCTHOM ceTke. /st hopMupoBanus Buaa
pacdeTHOU 00JacTH M BBIICTICHUS €€ 0COOSHHOCTEH MPUMEHSETCSI METOJT MapKupoBanusi. Pazpabo-
TaHHas YHCIIEHHAs! MOJIEb MTO3BOJISIET MPOTHO3UPOBATH A9POMOHHBIN PEKUM B TIOMEUICHHSIX C y4e-
TOM UX (POPMBI, adPOAMHAMHUKHN BO3AYIIHBIX TTOTOKOB, Pa3MEIICHUS BHYTPH IMOMEIICHUA MeOew,
o0opyaoBaHus U T.1. MoJienb MO3BOJISET MPOTHO3UPOBATH A3POHOHHBIN PEXUM B MOMEIICHUSAX TPU
WCIIOJIb30BaHUM KOMITBIOTEPOB MaJlol M CpeaHel MOITHOCTH. BpeMs pacuera oqHOTO BapuaHTa 3a-
Jla4l COCTABJISIET HECKOJBbKO CeKyHI. [IpeacTtaBistorcs pe3ysbTaTbl IPOBEACHHOIO BBIYUCIUTEb-
HOT'O KCIIEPUMEHTA.

Kurouesrbie ciioBa: CFD Mozeinb, a3pOMOHHBIN peXUM, YpaBHEHUE OTEHIIMAIBHOIO TEYEHUS,
ypaBHEHHE MACCONEPEHOCA, BHIYUCIUTEIbHBIN YKCIIEPUMEHT.

IMocranoBka npodjembl. B aiMUHUCTPAaTUBHBIX 37aHUSX HA OOBEKTaX TOPHO-
IIPOMBIIUIEHHOTO KOMIUIEKCA MIUPOKO HMCHOJB3YKOTCS KOMIIBIOTEPHI U OPITEXHMKA.
Ho npu pabote 3T0il TEXHUKH B MOMEIIEHUE BBIIEIAETCA JOCTATOYHO OOJIBIIOE KO-
JMYECTBO MOJIOKUTEIBHBIX a3POMOHOB, YTO HapyIlIaeT a’poOHOHHBIN pexum (AP), a
3TO maryOHO BIUSET HA caMOuyBcTBUE Jtoei. [loaTomy, cozmanue GiaronpusiTHOro
AP B pabounx nmoMemeHussx — U B MEPBYIO OUYEPEb B 30HE JbIXaHUS JIIOJIEH SBISET-
Csl, B HACTOSIIIIEE BPEMsI, OAHUM U3 BaKHEUIIUX (PaKTOPOB,
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IPEeabABIIEMBIX K KayeCTBY BO3AYILIHOW cpenbl mia udenoseka [1,2,4,5]. Hayunoe
000CHOBaHUE ISl IPUMEHEHUS] CHEUUaIbHBIX YCTPOMCTB, CO3JAIOLIUX ONpEIEIICH-
Hblil AP B momenieHusix, BbIOOpa ux pexuma paboThl MOXKET ObITh ONEPATUBHO BbI-
IIOJTHEHO € TTOMOIIBI0 METOAA MATEMAaTUYECKOTO MOJEIMpPOBaHus. B 3Toil cBs3M cTa-
HOBUTCS OYEBHIHBIM BaXKHOCTh CO3AaHUS d(PPEKTUBHBIX MAaTEMaTHUECKUX MOJENen
114 porHo3a AP B momenieHusix U B pabounx 30Hax. Maremarnyeckue MOAEIH JUis
pacuera AP B momMenieHusX He UMEIOT aJbTEPHATUBBI HAa dTAle MPOCKTUPOBAHUS HO-
BbIX M IPU PEKOHCTPYKLUH YK€ CYLIECTBYIOIIUX OOBEKTOB. ISl MPAKTUKU Ba)KHO
UMETh (pu3nuecku 00OCHOBAHHBIE MaTEMaTHUYECKHE MOJIEIH, O3BOJISIONINE POTHO-
3upoBaTh AP B moMenieHusx ¢ yueToM OCHOBHBIX (U3NYECKUX (HPaKTOPOB, BIHSIO-
IIMX HA MPOLECC PaCCEUBAHUs AOPOUOHOB B IIOMEILICHUH.

Ananu3 nyoaukanuii. [Ipornoz AP B nomenieHnsx B YKpauHe oCyleCTBISETC,
B HACTOMAIIEE BpeMsl, Ha 0a3e aHAIUTUYECKUX MOJeNel. ITO MOAETU MOCTPOCHBI Ha
OCHOBE AHAJIMTHUYECKOTO PEUIEHUs OJHOMEPHOI'O YPAaBHEHHUS IIEPEHOCAa IPUMECH
[2,3] Uy Ha OCHOBE AHAIMTHUYECKUX 3aBUCHUMOCTEH U MOIYIMIHUPUUECKUX (HOPMYII,
MOJIYYEHHBIX I CBOOOAHBIX TypOYJIEHTHBIX CTpyH [4,5]. AHAIUTHUECKUE MOJIEIH
MOTYT OBITh UCIOJIb30BAHBI JIJIs1 ONEPATUBHOIO MPOTHO3a KOHLUEHTPAIMU a3pOMOHOB
B nomenieHusax. Ho naHHbple MOJENN HE YUYUTBHIBAIOT CIENYIOIIME OCOOEHHOCTH, Xa-
paKTepHBIE IS IOMEILECHHN:

1. Pazmemienne mebenu, 000pynOBaHUS B MOMEUIEHUH. JTH OOBEKTHI CO3/AET
CJIOKHYI0 a3pOJIMHAMMYECKYIO KapTUHY JBHKE€HHS BO3IYIIHBIX TIOTOKOB BHYTPH IO-
MEILEHHUS.

2. IlonoxxeHue OTBEPCTHUM MPUTOYHO-BHITSHKHOM BEHTHJISLIMM B TOMEIICHUU U
PEXUM BEHTUIMPOBAHMSI [IOMEILEHUSI.

3. Hammuue B MOMELIEHNN «CBOMX» UCTOYHUKOB AYMUCCUU MOHOB, YTO IPUBOJIUT
K HEOOXOJMMOCTH y4eTa UX BIUSHUSA Ha KOHLEHTPALUIO a3pOMOHOB, KOTOPBIE CO3-
JAIOTCS] CIIEHUAIBHO YCTAHOBICHHBIMHA YCTPOMCTBAMM IS CO3AHUS KEITAEMOIO ad-
POMOHHOTO PEXUMA.

B 5T0i1 cBSI3M CTaHOBUTCA OYEBUAHBIM, YTO OCHOBHBIM MPEMSTCTBUEM HA MYTH
IIMPOKOTO MPAKTHYECKOTO NMPUMEHEHUS aHATUTHYECKUX MOJENEN 1 nporHo3a AP
B [IOMEUICHUAX SBJISETCSA TO, YTO MOJEIU AAHHOTO Kjacca HE YUHUTBHIBAOT KOHKPET-
HYI0 (OpMy NOMEIIEHNUS, BIUSHUE a3pOJUHAMHUKU BO3JYIIHBIX IIOTOKOB B IIOMELIE-
HUU Ha IPOLECC PACCEMBAHUE HOHOB.

Hean padorsi: pazpadotrka CFD monenu ajis mpor{o3a a3poOMOHHOTO PEXHMa B
NOMEILECHHSX, MMO3BOJSIOIIEH YUUTHIBATh MPU MOJIECIUPOBAHUU: IIOJOKEHUE OTBEP-
CTHI NMPUTOYHO-BBITSHDKHON BEHTHISALIMU, PEXKUM BO3AYXO000MEHa, pa3MelleHrue 00o-
pYyJlIOBaHMs B MMOMEIEHUH, €ro (OpMy, PEKHUM IMHUCCUU a3POMOHOB B NMOMEIIEHUU U
IIBUIEBOE 3arpsA3HEHNE BO3AYIIHOM CPEBI B IOMEIICHUU.

Mopeaupymouue ypaBHeHHS.

Jliis pacuera nepeHoca a3pOMOHOB OMEIIEHHUH (KaK MOJOKUTEIbHBIX HOHOB, TaK
u oTpuraTenbHbix - OM) OyaeM ucnosias30BaTh ypaBHEHUE nepeHoca Buaa [1,6,7,9]
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rae C, B — KOHIIGHTpaIUsl OTPUIIATEIbHBIX U MOJIOKUTEIHHBIX a3POHMOHOB COOTBET-
CTBEHHO; U, V, — KOMIIOHEHTHI BEKTOpa CKOPOCTH IBMKCHHS BO3IYITHOTO TOTOKA B
HOMEINEHNN; [t = (Uy, My) — KOG dunmeHTsl 1updy3un; ¢ — BpeMs; a - CKOPOCTh pe-
KOMOHWHAIINYA HOHOB, UMEIOIINX PA3TUYHYIO MOJSIPHOCTD, 3 — CKOPOCTh peKOMOWHa-
IIUU WOHOB C YacTuiamMu mbuin; QOc;, Op; — NHTEHCUBHOCTh SMHUCCHH OTPUIIATEITHLHBIX
Y TOJIOKUTETHLHBIX HOHOB B COOTBETCTBYIOIINX TOYKAX C KOOPAUHATAMU X ). U T.1.;
§(x—x,)6(y—y,)n 1.0 — nenbra-pyskums Jupaka. Ocb Y HampaBieHa BepTHKAIb-
HO BBEpX.

B Mozgenu (1), (2) yuutsiBaeTcsi B3aUMOACHCTBHE MOHOB PA3IMYHON MOJSIPHOCTH
C YaCTHUIIAMH TIBLIH, TIOPTOMY K JAHHBIM YpaBHEHUSIM J00ABISETCS €I OJHO ypaB-
HEHUE — YPaBHEHUE PACCEHBAHUS YaCTHI] MbLJIU B TOMEIICHUH

oD oubD ovD
+ +
ot 0 x oy
=a(ﬂanj+a[ﬂvaDj+. (3)
J ay

+2, 0,5, (1) (x = x, )8 (v - vy)

rjae D — KOHIEHTpALMs MbLJIEBbIX YaCTHII.

O603HaueHNe OCTAIbHBIX MMAPAMETPOB B JAHHOM YPABHEHUU COBIIAJIA€T C aHAJIO-
TMYHBIMUA 0003HAYEHUSIMU, PUBEICHHBIMU 7151 ypaBHeHu# (1), (2). [TockonbKy pac-
CMaTpUBAETCSl PACHPOCTPAHEHUE B MOMEIICHUU MBbUIEBBIX YAaCTHUI[ MaJoro pasmMepa,
TO B ypaBHEHHE IepeHoca (3) He BKIIIOUEHO ClaraeMoe, OTBEYaloIee 3a rpaBUTaIlM-
OHHOE OCEJIaHHUE MbLUIEBBIX YACTHII.

[TocTaHOBKY rpaHUYHBIX YCIOBHH U1 ypaBHeHui Monaenu (1) — (3) paccMoTpum
Ha npumepe ypaBHeHus (1), T.K. TOCTaHOBKA TPAaHUYHBIX YCJIOBUH NJisl APYTUX ypaB-
HEHUU Mozienu — aHajnoruyna. [{ns ypaBuenus (1), Ha cTeHax KOMHAThI, 110
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TOJIKE, MOJY, a TaKXKe TBEPAbIX CTEHKaX PA3JIMYHBIX MPEMSATCTBUI B MOMEUICHUH
(mrkadbl, CTYNbS U T.11.) CTABUTCS TPAHUYHOE yCIIOBUE BUAA [6,7,9]
oc
on

0

IJI€ 1 — €AUHUYHBIA BEKTOP BHEIIHEN HOPMAJIU K TBEPIOW MOBEPXHOCTH.
Ha rpanune Bxo1a BO31yIIHOTO IOTOKA B IIOMEIIEHUE CTABUTCS YCIIOBHE:

ent

Tac C - U3BECTHOE 3HAUCHHE KOHICHTpPAIIUH NOHOB.
Ha BBIXOAC BO3AYIIHOI'O IIOTOKA M3 IIOMCIICHHA B ,HHCerTHOfI MOJICIN CTAaBUTCA
COUKINYCCKOC) I'PAaHUYIHOC YCJIOBUC B4

C(i+1,j)=C(i,J)

rjae i+1, j — HoMep pa3HOCTHOM STUEWKH Ha BBIXOJIE€ U3 PacuETHOM 00IacTH.

B nauanbHbiii MOMEHT Bpemenu nosaraerca C=Cj, rae Cy — 3aJaHHOE 3HAUYCHUE
KOHIIEHTpAI[M MOHOB B pacyeTHOM 00JacTu (B paccMaTpUBAEeMOMl HIDKE 3a7ade, IS
OTpHULIATEIBHBIX a3POMOHOB — JIaHHAS BEJIMYMHA PABHA HYJIIO).

PabGoTta cuctembl BEHTWIISAIUMH, TMPUBOAUT K (DOPMUPOBAHHIO HEPABHOMEPHOTO
MOJISI CKOPOCTU BO3JIYITHOM Cpe/ibl BHYTPH MOMEIICHUS, YTO KpailHE YCI0XKHSIET T€O-
peThuecKkoe pelieHre 3ajaud. BHYTpU TOMEIIeHU HaXOMSITCsl pa3IudyHbIe MPersT-
CTBHUSI, HaIpuUMep — MeOesb, 000pYyI0BaHUE U T.I. DTH MPEMATCTBUS, a TaKXKeE MOJIO-
YKEHUE TIPUTOYHBIX U BBITSKHBIX OTBEPCTUM U OMPEACIISIIOT, B OCHOBHOM, a3pOjMHA-
MUKY BO3AYILIHBIX ITOTOKOB B MoMelieHusx. [loatomy, mpexae yeM pemarb 3a1ady
IIPOrHO3a KOHIIEHTPALIMK MOHOB B MOMEIICHUH, HA 0a3e MPUBEIECHHBIX ypaBHEHUH,
HEO0OXO0IMMO pacCYUTaTh KOMIIOHEHTHI BEKTOPa CKOPOCTH BO3AYIIHOTO MOTOKA B TO-
MEIIEHUH C YYETOM HAaXOXKJICHUS B MOMEUIEHWU MPEMATCTBUUA. DTH KOMITOHEHTHI
BEKTOpa CKOPOCTH JIOJDKHBI YJIOBIETBOPSTH YPABHEHUIO HEPA3PHIBHOCTH. TakuMm 00-
pazoM, HEOOXOIUMO PEIIUTh TUAPOIMHAMUYECKYIO 3a/1auy.

JInst pemieHusi TUAPOIMHAMUYECKON 3a/1aud UCIOJIb3YETCSI MOJENb MOTECHINAb-
Horo TedyeHus. [loaTomy, niisa onpeneneHus 3HAYEHU KOMIIOHEHT BEKTOpa CKOPOCTHU
BO3AYIIHON Cpe/lbl B MOMEIICHUU CIEAYET, IEPBOHAYAIBHO, PEIIUTh 3a/a4dy IO OIl-
pPEICIICHUIO TIOTEHIMaNa CKOpocTH. [l 3Toro HeoOXOIWMO MPOWMHTETPHUPOBATH
ypaBHeHue [8, 11]
yP+yP_
ox*> oy’

0. (4)

rae P - moTeHiuan CKOpoCTH.
Jnist ypaBHeHus (4) cTaBsTCs clieyronue rpaHuyHbIe ycinoBus [S]:

- Ha TBCPAbIX CTCHKAX: 8— =0 , ITIC n - G,Z[I/IHPI‘IHblfI BCKTOD BHEIIHEH HOpMaJIn
n

K TBEpJIOM TpaHUIIE;
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- Ha MECTE€ PACHOJIOKEHUS IPUTOYHOI'O OTBEPCTHS: o =V ,rne V, - usBecTHOE
n

3HAYCHUEC CKOPOCTH BXOAAIICTO BO3AYIIHOI'O ITOTOKA,
- Ha MCCTC PACIIOJIOKCHHA BBITAKHOT'O OTBCPCTHA: P=P=x (x = const,y) + const.

Jlnst omipesiesieHus: KOMIIOHEHT BEKTOpa CKOPOCTH BO3AYIIHOW CPEIbl MCIOJIb3Y-
I0TCS1 3aBUCUMOCTH [8, 11]

YuciaeHHoe MHTErpUpPOBaHME YPAaBHEHMH MOJe/IM. /[ 4iCIeHHOro MHTErpHU-
pPOBaHUs YPaBHEHUN MOJIECIIA UCIIOIB3YETCA NPSIMOYIOJibHAs pa3HOCTHasA ceTka. Jlis
YUCJIEHHOT'O MHTETPUPOBAaHUS ypaBHEHUS (4) UCIONB3YETCS Uesl YCTAaHOBJIEHUS pe-
LIEHUS IO BPEMEHU, IO3TOMY YHCIIEHHO UHTETPUPYETCS CIEAYIONIEE YPABHEHUE

oP 0°P O°P
==t (5)
on oOx~ Oy

371eCh 7] - GUKTUBHOE BPEMHI.

[Ipu 17 — o peuienue ypaBHeHus (5) OyleT CTPEMUTHCS K «yCTAaHOBJICHHUIO», T.€.
K PEIICHUIO ypaBHEHUS (4).

JUIs. YMCIIEHHOTO MHTErPUPOBAaHUS YpaBHEHHU (5) UCIOJIb3yeTCsl HESBHASI CXeMa
cymMmapHo# annpokcumanuu [10]. B aTom ciydae, nporiecc MHTErpUpOBaHUS pa3ou-
BaeTCs Ha JBa 1m1ara. Pa3HocTHbIe ypaBHEHMsI Ha KaXKIOM APOOHOM IlIare UMEIOT BHI:

el wl el NU
R,*-F, |-RK,>+EF; 4 —5,2+E
- 2 2 ’
At Ax Ay
i
+1 +1 +1 +1 +1
P —-P .2 P —P" P
i,j Lj | Tl i,j + i,j+ i,j
- 2 2
At Ax Ay

Bennuunba P, onpenensercst B IEHTPE KaKI0H pasHOCTHOM s4erku. Ha kaxmom

IIare paciieryieHUs pacyeT UACT 1Mo ABHOM popmyie — meToay Oeryiiero cyera [10].

Ilocne pacucTa 1oJiiA nmoTeHuralia CKOpOCTH OCYHICCTBIIACTCA PACUCT KOMIIOHCHT
BCKTOpPAa CKOPOCTH IIOTOKA HAa CTOPOHAX PA3HOCTHBIX AYCCK!

B,j_E—l,j ) B,j_R,j—l
U, =———, v, =————,

Ax Ay

[lepen HayaIOM YHCACHHOIO MHTETPUPOBAHUS ypaBHEeHHS (5) 3amaeTcs IoJjie Io-
TCHOHAJIa CKOPOCTHU I «HAYAJIbHOI'O» MOMCHTA (1)I/IKTI/IBHOFO BpPCMCHHM.

[Ipuniun uHTErpUpOBaHUs yYpaBHEeHUI niepeHoca (1-3) paccMOTpUM Ha TIpuMepe

ypaHenus (1). Ha nuddepenimanbHOM ypoBHE BBITIOIHSAETCS paCIICIIIICHUE JTAHHO-
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ro ypaBHEHUS NIEpEHOca Ha TpH wmiara [6]:

oC ouC ovC
+ + =0
ot ox ox

b

oc_of ac), af, ac
or ox\"ox ) oy "oy

b

S-=2.0.(1)3(r~r)-aCB-pCD,

rae 7. =(x,,y ) — KOOpAUHATBI HCTOYHHUKA BEIOPOCA IIPUMECH.

311ech IIEpBOE YpaBHEHUE OMUCBIBAET MPOLIECC MEPEHOCA MPUMECH IOJ JCHCTBU-
€M HaIpaBJIEHHOI'O ABM)KEHHS BO3IYIIHOTO IOTOKA, BTOPOE YpaBHEHHE — MEPEHOC
noj aeiicreueM nudys3un, a TpeTbe — N3MEHEHUE KOHIIEHTPAUU IIPUMECH Mo AeH-
CTBHUEM MCTOYHUKOB (CTOKOB).

JUJIs 4MCIEHHOTO MHTErPUPOBAHUS MEPBBIX JBYX ypaBHEHUN NAHHOW CHCTEMBI
UCIIOJIb3YETCSl TOMEPEMEHHO — TPEYTOJIbHAs pa3HOCTHas cxema [6,7]. [Ipu ucnonb3o-
BaHUU ATOM CXEMbI HEM3BECTHOE 3HAUYCHNE KOHIIEHTPALMU NOHOB U MUK HA KaXKIOM
1Iare ornpeaessieTcs Mo SBHOM Gopmysie «Oerymero cueray.

Ha cnenyromem pacuyeTHOM IIare ONPENENsieTCsl 3HAYEHHWE KOHIEHTPALMH Ha
BEPXHEM BPEMEHHOM CJIOE MO/J IEWCTBHEM HCTOYHHKOB (CTOKOB) Ha 0a3e 3aBUCUMO-
CTH

q;:-%—l _ Cn

" i :ZQc(t)é‘(r—rc)—aC;B;—IBC;D;

B pa3paboTraHHOM KOJ€ pacueT KaXkI0ro LIara pacleIUICHUs pealu30BaH B BUJE
OTZEJIBHOW MOJIIPOTPAMMBI.

®opMuUpOBaHUE BHAA pacdyeTHOUl oOJacTu. PopMUpPOBAHUE BHUJA PACUECTHOM
obnactu (puc.l), T.e. GopMbI MOMEIICHUS U Pa3MEIICHUS B HEM 000pYI0BaHUS, Me-
Oemu M T.N. OCYIIECTBISETCS C MOMOIIBI0 METOoAa (PUKTUBHBIX OOJacTeil (TeXHUKa
«porosity techniquey) [6,7]. s 3a1aHust B YUCICHHOW MOJCIH IOJIOKEHUSI OTBEP-
CTUH TIPUTOYHO—BBITSKHON BEHTUIISIIIUU, MECTA YMUCCUH MOHOB WMJIU TBUIA WCIIONb-
3yeTcsi METOJI MapKupoBaHus [6,7]. DopMupoBaHrE BUJA PACUETHON 00JACTH TTOJh-
30BaTeb OCYIICCTBIISIET B (pailie MCXOMHBIX AaHHBIX. M3MeHeHne BUJa pacyeTHOU
o0nactu He TpeOyeT BHECECHUS] H3MEHEHHS B pa3paOOTaHHBINA KOJ.
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1 — mepBoe pabouee mecTo (CTyl); 2 — BTopoe padouee MecTo (CTyn);
3 — UICTOYHMK SMHUCCHU TIOJIOKUTEIIbHBIX HOHOB; 4 — Me0elIb; 5 — MECTO SMUCCHH TTBLIH
Pucynok 1 — Cxema pacueTHoit o0nactu.

Hcxonnbie nanubie nias nposeaenuss CFD mopeampoBanus. /[[ns npaktude-
ckoil peanmuzanuu noctpoeHHo CFD mMozaenu Heo6XxoaumMo 3a1aTh:

1.®opmy nomenieHus.

2. Pazmemienue medenn, 060pynoBanus (WK IPYyrux OOBEKTOB) B TIOMEIICHHH.

3. IlonoxeHne NPUTOYHBIX U BBITSKHBIX OTBEPCTUN BEHTUJIALIUU.

4. CKopoCTh BO3AYIIHOTO MOTOKA HA BBIXOJIE U3 TPUTOYHOTO OTBEPCTHS.

5. 3nauenue kodppunuenToB 1P hy3uu.

6. KoHLeHTpanuio OTpULIATENbHBIX HOHOB HA BBIXOJI€ U3 MPUTOYHOIO OTBEPCTHUS
BEHTUJISILIUU.

7. IlonoxeHue U MHTEHCUBHOCTb APYTMX MCTOYHHKOB 3MUCCHHM HWOHOB, IbUIA B
NIOMEUIEHUH.

3alaHue UCXOIHBIX JAHHBIX OCYIIECTBIISICTCS B (haiijie UCXOMHBIX JAaHHBIX THUIIA
«DAT».

Aaroputm pacdera. [IpoBeneHre BBIYMCIMTEILHOTO JKCIIEpPUMEHTa Ha 0ase
pa3paboTaHHON YHCICHHON MOJIEIH OCYIIECTBISETCSA B TAKOM MOCIIEI0BATEIbHOCTH:

1. BBoguTcs ucxoanas undopmarus, kacaromascs (U3NIecKol MOCTAaHOBKH 3a-
naun ((hopma MOMEIICHUS U.T.11.).

2. OcyiecTBasieTCs pacyeT ypaBHEHUS )i MOTEHMala CKOPOCTH.

3. PaccuutbiBaeTcs mojie CKOPOCTH BO3AYIIHOTO MOTOKA B TOMEILIEHUH.

4. BpInonHsA€TCA pacyeT paccerBaHUsl OTPULATENBHBIX, MOJOKUTEIBHBIX a’po-
MOHOB U TIBUIM B IOMEIIEHUHU U MPOIECC UX B3aUMOJICHCTBHUS.

5. OcymiecTBiseTcs neyaTh pe3yJbTaToB MOAECTUPOBaHUS (KOHIIEHTpALUsS OTPHU-
[ATEJIbHBIX a9POUOHOB U.T.J.) KaK JJisl BCErO MOMEUICHUS, TaK U JUIsl OT/IeTIbHOM Yac-
TH MTOMEILIECHHUS - 110 KEJTAHUIO TT0JIb30BATEIIA.

Pe3yabTaThl BBIYMCIANTEIBLHOI0 IKCIIEPUMEHTA.

Pazpabortannas CFD mozens Oblia mpuMeHeHa /ISl PelIeHrs 3a/1a4i O MPOTHO3€e
a’pOMOHHOr0 pexuMa paboueM nomenieHud. Cxema pacyeTHON 001acTu — MmoMelie-
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HUS, B KOTOPOM MOJEIIUPYETCS] a3pOHOHHBIN peXuM, rmokasaHa Ha puc.l. Ilocryme-
HUE OTPULATENIbHBIX HOHOB B MIOMEILIEHUE MPOUCXOIUT C IPUTOYHBIM BO3yXOM, T.€.
B CHUCTEME BEHTWISILIMM YCTAaHOBJIEHO O0OpPYJOBaHUE, OCYIIECTBIISIIOLIEE TEHEPALIUIO
OTpULATEIbHBIX HOHOB. C BO3YIIHBIM NOTOKOM B IMOMEUIEHUE MOCTYMAIOT OTpHIIA-
TeJbHBIC HOHBI, C KOHIeHTpamueit 2.2%10° wactuy M. B mOMeIeHn: UMeeTcst Ba
pabounx Mecta A nepconana (puc.l). Cnenyer nog4epKkHyTh, UYTO JAHHBIE HJIEMEH-
Tl MeOenu, ux popMa, pa3MELIEHUE — YUYUTBHIBAIOTCS B UNCIEHHON Mozenu. B pabo-
4yeil 30He (puc.l, mo3unus 3 — CTOJ € IEKTPOHHBIM O0OPYIOBAaHUEM) IPOUCXOAUT
SMUCCHSI TTOJIOKUTENBHBIX HOHOB ¢ MHTEHCHBHOCTHIO 10" wactuwy/c. ITonaraercs, uro
Ha I0JIy, BO3JIE JIEBOM CTEHKU MOMEIIEHUSI UMEET MECTO MOCTOSIHHBIN BBIOPOC MbUIN
B KonmuectBe 4*10° yacTHI/C (aHHAS 30HA YCIOBHO MOKA3aHA BOJHHCTHIMH CTPEI-
KaMu Ha puc.l). JlonoaHuTenbHbIe MapaMeTphl 3aJjaun: pa3Mepbl pacueTHOM o0nacTu
6.25M*6.25m; a=1,5%10"% m’/c, f=1x10""* w/c [1], Ko3ddHUIEEHTH TypOyIEHTHOI
maddy3nn O BceM HaNpaBJICHHSIM TIPHHSTHI paBHBIME 0.3M°/C, CKOPOCTh BX0J1a BO3-
IAYLTHOTO MOTOKA Yepe3 MPUTOYHOE OTBEPCTUE BEHTHIALMY paBHa 1,5 m/c.

Paccmotpum pesynbsratel CFD MonenupoBanus Ha 6aze pa3paOOTaHHOM YMCIIEH-
HOU mMonenu. Ha puc. 2 npeacraBieHo pacnpeeeHne KOHIEHTPALMH OTPULATENb-
HBIX HOHOB BHYTPHY NOMEIICHHUS.

B.613E+81
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Pucynok 2 — PacnipeneneHue KOHIIEHTPAIMU OTPUIATEILHBIX aQ3POHMOHOB B IIOMEIIICHHH:
a) — U30JIMHUY KOoHLIeHTparuu (C* 10'5); 0) — MoJsie KOHIEHTPALIUH.
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PesynbTaThl pacuera mpeacTaBiIeHbl B BUAEC MU30JMHUA KOHIICHTPAIIMH ¥ MaTpPHII
3HAYCHHS] KOHIICHTpAIMH. 37eCh, Ha MaTpULIaX, 3HAUCHUE KOHIICHTPAI[UU MPECTaB-
JeHo B 0e3pa3MepHOM BHJE: KaXKI0€ YHCIO — TO BEIMYMHA KOHIICHTPAIMH B MPO-
[IEHTaX OT BEJIMYMHBI MAKCUMAIBHOH (B TaHHOM Cy4yae — BXOJIHOM) KOHIICHTPAIIH.
BbiBog Ha mevarh 4MceNn OCYLIECTBIEH MO (opMary «yeroe uucioy, T.e. NpoOHas
YacTh YKCJIa HE BBIJAETCS HA MedaTh. JTO 3HAYUT, YTO €CIIU, HapUMep, B KaKOU-TO
TOYKE pacyeTHOE 3HAYECHHE KOHIIEHTpaluu cocTaBisieT «11.25%)»» oT KOHIEHTpaluu
Ha BXOJI€ B NIOMEIIEHHE, TO Ha MevyaTh OyneT BbiBeneHO yucio «l1». Takoit BeIBOA
pe3yibTaToB Ha mnevyaTh 3P(EKTUBEH NMPHU MPOBEICHUU CEPUMHBIX pacyeToB, KOTJa
OCYIIECTBIISIETCSl «TIepe0opy» pa3IUYHBIX BapUAHTOB C IIEJIbI0 BBIOOpaA HamboJee om-
TUMAJILHOTO JJI1 KOHKPETHOW CUTYaIlUH.

VYka3aHHOE NpeCTaBICHUE PE3yJIbTaTOB pacyeTa B BUJAE «Ye/blX» YUCEIl M03BO-
JSIET OYEHB OBICTPO aHAIM3UPOBATH HHPOPMAIIUIO OTHOCUTENFHO BEIMYMUHBI KOHIICH-
Tpaly a3pOUOHOB (WM APYIHX MapaMeTpoB) B JIFOOON YacTH MOMeNIeHus: — B pado-
4yell 30He, B 30HE PaCMONIOKEHUs OPraHOB JbIXaHUs yenoBeka. [1o TpeboBaHMIO MOJb-
30BaTeNsi, pa3pabOTaHHBIN KOJ OCYIIECTBISET BBHIBOJ Ha Ie4YaTh PE3yibTaTOB IO
dbopmaty «oeticmeumenvbHoe YUCIO», T.€. C COXpaHEHHUEM JIPOOHOM YacTH Yuca.

W3 mpencTaBieHHOTO pHC. 2.2 XOPOIIIO BUIHO, YTO KapTHHA paclpeaeNeHus] KOH-
HEHTPAIMU OTPUILIATENBHBIX a3POMOHOB BHYTPH KOMHATHI MOXET OBbITh YCJIOBHO pa3-
OuTa Ha JBE MOJ30HBI: MOJ30HA, OTHOCSINIASICS K BEPXHEH 4aCTH MOMEIICHUS U MOJ-
30Ha, OTHOCAIASACS K €ro HIKHEW yacTu. B BepxHel yacT KOMHATHI pacrpeiesieHue
KOHIIEHTPAIIMU OTPUIIATEIILHBIX a9POUHOB UMEET BUJ Psja MOJIOC, KOTOPBIE BHITATH-
BAIOTCS B HAMPABJICHUHU JIBUXKEHUS BO3/YIIHOTO MOTOKA. TO CBSI3aHO C OTCYTCTBUEM
B ATOM YaCTH KOMHATHI KaKUX JUOO MPEMsITCTBUMN, KOTOPhIE MOTJIM ObI MOBIIUATH HA
XapakTep pachpenesieHus a’dpouoHOB. B HIbkHENW uyacTtu momerneHust GopmMupyercs
CJIO’KHAsI KapTUHA pacIpeleleHus] KOHIEHTPAUU OTPUIATENbHBIX a3pOHOHOB, YTO
CBSI3aHO C BIUSHUEM MeOeIH Ha XapakTep ABM)KCHUS BO3IYIIHOTO MOTOKA B KOMHa-
TE.

Kak u3BecTHO, 0COOBIN MHTEPEC MPEICTABISIET MPOTHO3 a3POMOHHOTO PeXUMa B
MIOMEIIIEHUH B TE€X 30HaX, TJ€ HAXOAUTCS TIEPCOHANl U OPTaHbI JbIXaHUs PaOOTHHKOB.
J7is OIIEHKU a’pOMOHHOTO PEXMMa BHIOEpEM MO3UIUI0 HAJ CIIMHKAMH CTYIIBEB, T.C.
TaM, IJie HaXOJUTCS roJioBa pabOTHUKA. JTa 30HA Ha pHUC.2,0 YCIOBHO MpejCcTaBiIeHa
B BUJEC «KpY>KKa». Pe3ynbTarhl pacuera KOHUEHTpAIMU OTPULIATEIbHBIX a3pOHMOHOB
JUTSL KQXJI0W TaKoi 30HbBI MPEACTABICHBI B Ta0.1. 31ech Takke MpUBEICHbl 3HAUCHUS
CKOPOCTH BO3/YILIHOTO MOTOKA JUIsl KaXKIOW 30HBI, TOCKOJBKY M3BECTHO, YTO B pado-
Yyeil 30He JIaHHas BEJIMYMHA JODKHA OBITh OTPaHHYCHA MO BEJIMYUHE JJIS CO3JIaHUS
KOM(OPTHBIX yCIOBUM ISl paOOTHHKA.

Ta6muma 1 — KoHneHTpanust oTpuIaTeIbHBIX a3POMOHOB B 30HE JbIXaHUs paOOTHHKA
Y CKOPOCTh BO3AYIIHOI'O MOTOKA B ATOM 30HE.

KoHuenTpauus oTpunaTeIbHbIX CKOpOCTh BO3AYIIHOIO
Pabouee mecTo HCHTpall pun 3 p Hy
a’POMOHOB, YACTHUIY/M IMOTOKAa, M/C
IlepBoe pabouee MeCTO 8,5-10° 0,17
Bropoe pabouee MeCTo 7.9-10° 0,05
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Ecnu npuHATE BO BHUMaHUE, YTO PEKOMEHAYEMAsi, MUHUMAJIbHASl KOHIIEHTPALUS
OTPHUIATENEHBIX a3POMOHOB COCTABIISIET BEIMUMHY TIopsaKa 6*10° wacTuu/m’, a HuX-
HSI IPaHHUIA HX ONTHMANGHONM KOHIEHTparmu pasHa 30*10° wacTuiym’, To BHIHO,
YTO Ha 000MX paboYMX MeCTax, B 30HE JIbIXaHUs PAOOTHUKOB MMEET MECTO JI0CTa-
TOYHAs KOHIEHTPALMs OTPULATENBHBIX a3poroHOB. Ho ¢ npyroit ctopoHsl, u3 Tadi. 1
BUJTHO, YTO CKOPOCTh BO3AYIIHOTO MOTOKAa Ha BTOPOM pabodyeM MECTe 3HAYUTEIbHO
MEHbIIIE peKOMEHIyeMOo# BeauuuHbl — 15 — 20 cm/c.

B 3akitoueHue oTMeTHM, YTO pacueT OJIHOTO BapuaHTa 3ajauu Ha Oa3e pa3pabo-
tanHOU CFD mozenu cocTaBiisieT nopsika 5S¢ KOMIbIOTEPHOTO BPEMEHHU.

BeiBoabl. B padote paccmorpena HoBast CFD mojens /it pacdera a3pOuOHHOTO
pexxnma B nomeuieHusx. Pacuer paccemBanust a3pOMOHHOB B IIOMEIICHUHA OCHOBBIBA-
€TCSl Ha PEIICHUM JIBYX 3aJad: MepBas 3ajadya — IMAPOJUHAMHYECKas (pacueT MoJisd
CKOPOCTH BO3YIITHOTO MOTOKAa B MOMEIIEHUWU IMPH BHIOPAHHOM pPEKUME BEHTUJIS-
MM, BTOpas 3a/1aya — pacyeT TPAHCIIOPTa a3POHOHOB B MoMeneHu. OCOOEHHOCTHIO
noctpoenHot CFD Mozenu sBisieTcs TO, YTO OHA MO3BOJISIET YUECTh MPU MOJEIUPO-
BaHUU OCOOCHHOCTU MOMEIEHUN — pa3MEIleHne B HUX MeOeIH, MOJI0KEHUs MPUTOY-
HBIX M BBITSKHBIX OTBEPCTUI BEHTWISIMU U T.M. [Ipu 3TOM 17151 pacyera Tpedyercs
HECKOJIBKO ceKyHJ1 BpemeHHU Ha [IK. D10 aBnsercsa kpaliHe BaXHBIM IIPU POBEICHUN
cepuitHbix pacuetoB. Pazpaborannas CFD monens MoOXeT ciiykuTh 3(QHEeKTUBHBIM
WHCTPYMEHTOM PEUIEHUS 3aJa4 [0 ONPEACIICHUI0 ONTUMAIBHOTO a’pOMOHHOIO pe-
KUMa B MPOU3BOJICTBEHHBIX, XKUJIBIX U OOIECTBEHHBIX MoMelleHusx. [lanbpHeiiee
pa3BUTHE MOJEIH CIEAyET NMPOBOJUTH B HAIPABICHUHU CO3JaHUS ITPOCTPAHCTBEHHOMN
YUCJICHHON MOJEJIM MPOrHO3a aPOMOHHOT0 PEKUMA B IIOMEILIEHUX.
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AHoOTanlisAg. Y poOOTi po3risiIaeTbes YHCEIbHA MOJIENb Il IPOTHO3Y A€POIOHHOTO PEKUMY B
MPUMILICHHSAX. Y OCHOBY MOJIeJIl MTOKJIAJICHO PIBHSHHSA PYXY 1/l€aJIbHOI PIJIMHHU 1 PIBHSAHHS MacoIe-
PEHOCY /7Sl HeraTUBHUX, MO3UTHBHUX a€POiOHIB 1 muity. i 4ucenbHOro MOJIEITIOBAaHHS MOJIEIIO-
IOYMX PIBHSHb BUKOPUCTOBYIOTHCS PI3HUIIEBI cXeMH. UucenbHUH poO3paxyHOK 3A1MCHIOETbCS Ha
NPSIMOKYTHIN pi3HUIEBiH ciTii. s popmyBaHHS BHILy po3paxyHKOBOI 00acTi i BUIUIEHHS 11 0CO-
OJIMBOCTEH 3aCTOCOBY€ETHCS METOJ MapKyBaHHs. Po3pobieHa yucenbHa MOJeNb J03BOJISE€ POTHO-
3yBaTH aepOIOHHHUH PEXHUM B MPUMIIIEHHIX 3 YpaxyBaHHAM iX (OpMHU, aepOAMHAMIKH MOBITPSHUX
MOTOKIB, PO3MIILIEHHS yCepeaHHI MPUMILIeHb MeOJIiB, yCTaTKyBaHHs 1 ToMy noaioHe. Mojens no-
3BOJISIE TPOTHO3YBATH ACPOIOHHHUI PEKUM B IPUMIIICHHSX MPH BUKOPUCTAHHI KOMIT'IOTEPIiB MaJIoi i
cepeiHbOI MOTYXKHOCTI. Yac po3paxyHKy OJHOTO BapiaHTy 3aBJaHHs CKJIAJa€ JEKUIbKAa CEKyHI.
BunaroTtbcs pe3ysbTaTé MPOBEICHOTO OOUNCIIIOBATILHOTO eKCIIEPUMEHTY.
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CFD mopenb, aepoiOHHUN PEXHUM, PIBHSHHSA HNOTEHIIAJbHOI Teuli, pIBHAHHS MacONEepeHocy,
00YMCIIIOBAJIbHUN €KCIIEPUMEHT.

Abstract. This paper presents a numerical model for predicting air-ion dispersion inside the
rooms. The model is based on equations of ideal fluid motion and mass transfer equation for the
negative and positive ions and dust. The numerical simulation of modeling equations uses finite dif-
ference schemes. The numerical calculation is carried out on a rectangular computational grid.
Markers are used for forming a computational domain. The developed numerical model predicts air-
ion dispersion mode with taking into account the room shape, aerodynamics air flows, indoor furni-
ture, equipment, etc. The model predicts air-ion dispersion in the rooms when computers of small
and medium power are used. Calculation time for one variant is few seconds. Results of a computa-
tional experiment are presented.

Keywords:

2-D numerical model, air-ion dispersion, equation of potential flow, equation of mass transfer,
numerical experiment.
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